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The coupling reactions of benzylic dithioacetals with
Grignard- reagents are catalyzed by nickel-phosphine complexes,
giving a variety of olefins. A plausible catalytic cycle is
suggested.
When trimethylsilylmethylmagnesium chloride is used, p-
silylstyrenes are synthesized from the corresponding benzylic
dithioacetals. Allylsilane is the major isomer in the-.reactions
of dithioacetals containing Q-hydrogen(s).
The newly-developed reaction also affords a convenient
method for the synthesis of a-silylstyrenes from the a-silylated
dithioacetals.
The nickel-catalyzed coupling reactions of allylic
dithioacetals with trimethylsilylmethylmagnesium chloride are
described. Multifunctionalized 1-silyl-1,3-dienes are readily
synthesized in a highly regiospecific and stereoselective.manner.
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The dithioacetal* functionality was first discovered in
1885.1 Since then, this functional group has held a vital
position in organic chemistry. Most works consider this moiety
as a latent carbonyl or methylene group (eq. 1.1). For instance,
dithioacetal serves as a protecting group for ketones and







Alternatively, dithioacetal can undergo hydrogenolysis to
give the corresponding reduced product.. This reaction can be
* Throughout this thesis, the term dithioacetal will be used to
represent either 1,3-dithiolane I or 1,3-dithiane II, and
position-2 in the 'dithioacetals be assigned as a position just
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2considered as an alternative to the Wolff-Kishner or Clemmensen
reduction of carbonyl compounds (eq. 1.1). These desulfurizations
can be achieved most commonly by the use of Raney nickel4 or
alkali metals in ammonia (or alkylamine) solution.5 Reagents
such as hydrazine,6 cupric chloride-zinc chloride-lithium
aluminum hydride,7 nickel boride,8-9 and tributyltin hydridel0
have also been used.
Of particular importance is the fact that dithioacetal









However, the transformation of dithioacetal into other
functional groups has been limited. Wilson12 reported a novel,
conversion of dithiolane 1 into mercaptan. Thus, treatment of 1
with n-butyllithium would give thioketone which may be reduced










In a similar manner, lithium diisopropylamide-induced
fragmentation of 3 afforded a thioketone which is further
hydrolyzed to the corresponding carbonyl compound (eq. 1.4).13
This process could be considered as an alternative way for the
deprotection of dithioacetal.
(eq. 1.4)
In general, the dithioacetal functionality, particularly
1,3-dithiane, is rather stable toward most of nucleophiles. Few
cases about nucleophilic attack have been studied. For instance,
reductive silylation of allylic dithioacetal 4 was accomplished
by the use of lithium metal and chlorotrimethylsilane in
tetrahydrofuran (THF) (eq. 1.5).14
(eq. 1.5)
Lewis acid could facilitate the coupling process leading to
the formation of carbon-carbon bond. Trost15 reported a
dimethyl(methylthio)sulfonium fluoroborate (DMTSF)-promoted
intramolecular cyclization of enol silyl ether or vinylsilane
with dithioacetal (eqs. 1.6 and 1.7). Ph3CBF4 (TrBF4) has also





The elimination of a mercaptan from open-chain dithioacetal
afforded a useful method for the synthesis of vinyl sulfide
(eqs. 1.9 and 1.10).17-18
(eq. 1.9)
(eq. 1.10)
One of the carbon-sulfur bonds in dithioacetal could be
cleaved electroreductively to afford saturated sulfide in an
acidic medium (eq. 1.11).19
(eq. 1.11)
Although advances have been achieved in the transition-metal
promoted reduction of dithioacetal leading to the formation of a
methylene group,4'8'9 most of these processes are heterogeneous,
and none of them involved the formation of a carbon-carbon bond.
More recently, studies on the metal carbonyl-mediated
desulfurization reaction of dithioacetal have lifted such
limitations.20-21 To illustrate this, the desulfurization
reaction of 9-fluorenone dithioacetal 5 with Mo(CO)g in THF
produced a mixture of fluorene (6) and bifluorenylidene (7).20
The changes of metal carbonyl and solvent from Mo(CO)gTHF to
W(CO)g-chlorobenzene resulted in the selective formation of the
dimeric product. For example, the conversion of dithioacetal of
benzophenone to tetraphenylethene was achieved and dithioacetal
derivatives from substituted fluorenone yielded bifluorenylidenes
in excellent yields (eg. 1.12).21
(eg. 1.12)
This reaction has been used in synthesizing
bifluorenylidene-hinged crown ethers 8 (eq. 1.13)22 and optically
active bifluorenylidenes 9 (eq. 1.14).23
(eq. 1.13)
(eq. 1.14)
Clearly, the results mentioned above showed that the
reactivity of dithioacetal could be enhanced by the assistance of
8transition metal complexes
In this thesis, the nickel-mediated reaction of dithioacetal
with the Grignard reagent is presented. The fundamental
investigation on the reaction of benzylic dithioacetals with a
variety of Grignard reagents is discussed in Chapter 2. The
applications of this newly developed coupling reaction to the
preparation of vinylsilanes (Q-silylstyrenes and a-silylstyrenes)
and allylsilanes is covered in Chapter 3. The nickel-catalyzed
coupling reaction of allylic dithioacetal with'trimethylsilyl-
methylmagnesiumchloride is depicted in Chapter 4. Chapter 5
presents the detailed experimental procedures.
Chapter 2
The Reaction with Simple Alkyl Grignard Reagents
2.1 Introduction
Nickel is a highly thiophilic element.48-9 Both metallic
nickel (Raney nickel)4 and nickel complexes8-924-27 have been
utilized in the desulfurization reactions. The conversions of a
C-s bond into a C-H bond or into a C-C bond are well-documented.
Recently, studies on the homogenous reductive desulfurization
with various reducing reagents, like (bipy)(COD)Ni-LiAlH4,24-25
Nici2L2-LiAlH425 and nickelocene-LiAlH427 systems have been




The conversion of carbon-sulfur bond into the carbon-carbon
bond can be realized by the use of a catalytic amount of the
nickel complex in the presence of Grignard reagents.28 The
first example of the nickel-catalyzed cross-coupling reaction
with the cleavage of carbon-sulfur bond was reported
independently by Takei29 and Wenkert30 almost a decade ago. The
coupling reaction was carried out by using NiC12(PPh3)2 (10) as
the catalyst and Grignard reagents to convert certain sulfides
into the corresponding coupling products (eq. 2.3). This type of






A variety of olefins and aromatic hydrocarbons have been'
synthesized by these processes (Scheme 2A-). Alkyl, aryl and
allylic magnesium halides can be used in these reactions and the
coupling can be carried out in most of solvents used for the
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The reactivity difference between halide and sulfide
towards Grignard reagents in the presence of transition metal
complexes could be used to selectively prepare disubstituted
arenes and (Z) or (E) olefins.32-35 The strategy of the
sequential cross-coupling reaction has been effectively applied












The low-valent nickel complex catalyzed coupling reaction of
sulfides with Grignard reagents has been extended to heterocyclic
systems.37-44 Heterocycles such as pyridines37,40, indole37,
bipyridine38, terpyridine39, benzothiazoles40, pyrimidine40,
furans40,44, purine4l, oxazoline,42 oxazoles43, and pyrroline45
are stable under the coupling conditions (Scheme 2C).
Scheme 2C
Allylic thioethers also couple with Grignard reagents in the
presence of the nickel catalyst (eq. 2 .4) . 46~47
(eq. 2.4)
The exciting results from the nickel-catalyzed
desulfurization-coupling reaction of sulfides and the desulfurdi-
merization of dithioacetals mentioned in the previous chapter
indicate that the carbon-sulfur bond in such functional groups
can be activated leading to the carbon-hydrogen or carbon-carbon
bonds. Interestingly, no exploitation on the nickel-catalyzed
coupling reaction has been carried out on the dithioacetal
functions.
Generally, dithioacetal is stable towards Grignard reagents.
Even under the conditions for the nickel-catalyzed coupling
reaction of vinylsulfide, for instance, isolated dithioacetal
3roup in 12 remained intact (eq. 2.5).48
(eq. 2.5)
On a more systematic consideration, however, situation may
be different. Okamura and Takei have reported that benzyl methyl
sulfide (13) gave diphenylmethane (14) in less than 9% yield upon
treatment with phenylmagnesium bromide in the presence of various
catalysts (eq. 2.6),40a while simple aliphatic CSp3-S bonds are











Benzylic dithioacetals have two carbon-sulfur bonds. One
would expect that the. reactivity of the carbon-sulfur bond in
dithioacetal might be enhanced in comparison with simple
benzylic thioethers. Furthermore, the two sulfur moieties might
assist each other, resulting in the cleavage of both carbon-
sulfur bonds in these nickel-catalyzed reactions.
2.2 Results and Discussion
2.2.1 Preparation of Dithioacetal.
In general, dithioacetal is obtained by the acid-catalyzed
or Lewis acid promoted condensation of carbonyl compounds with
thiols (Scheme 2D). These Lewis acids include boron trifluoride
,_etherate,49-50 zinc chloride,51-52 aluminum chloride,53 chloro-
trimethylsilane,54 titanium chloride (for lactol),55-56
magnesium perchlorate (for high stereoselectivity),57 silica gel








Lewis acid= BF3'OEt2, ZnC12, AMC13, Me3S1LI,
TiC14, MgClO49 Si02-SOCI2
A variety of dithioacetals were prepared. As the starting
materials, most of dithioacetals, throughout this thesis, were
synthesized by the reaction of suitable thiols with benzylic or
allylic carbonyl compounds in the presence of boron trifluoride
etherate in chloroform or acetic acid in good to excellent yields





1)10CHCI3 or HOAc RRR'
(eq. 2.7)
Of the aldehydes used in this thesis, 5-phenyl-2,4-
Pentadienal' (16) was prepared by a Wittig reaction of
cinnamaldehyde with ylid 15 followed by the DIBAL-H reduction













The Knoevenagel reaction of 1-naphthaldehyde with malonic
acid, and the followed esterification of the acid 17 gave ester















Some dithioacetals were prepared by the deprotonation of a
dithiane with n-butyllithium in tetrahydrofuran at or below -30°C
followed by the alkylation of the anion thus formed with suitable
alkyl halide (eq. 2.8).59
(eq. 2.8)
2.2.2 Preliminary Study
At the beginning of this study, 2,2-diphenyl-l,3-dithiolane
(20) was subjected to react with methylmagnesium iodide (21) in
the presence of a catalytic amount of nickel bromide-dimethyl
ether, NiBr2-DME (22) and triphenylphosphine. 1,1-Diphenylethene
(23) was isolated in 68% yield (eq. 2.9). This, result seemed to
be very promising and happened to be the first reaction involving




Before further investigations were carried out, different
18
conditions were tested with dithiolane 20 and methyl Grignard
reagent 21 as partners. The reactions were performed at room
temperature under nitrogen atmosphere. Three equiv. of Grignard
reagents were necessary to enforce the reaction to complete.
Table i outlined the effect of catalyst on the yield of the
reaction. The best catalyst was dichlorobis(tri-
Phenylphosphine)nickel, NiCl2(PPh3)2 (10), which is less
hygroscopic and easier to handle. than NiBr2.DME (22). The
coupling reaction in the presence of the nickel catalyst 24 and
25, containing bidendate phosphine ligands, such as dppe and dppp
(dppe= Ph2P(CH2)2PPh2, dppp= Ph2P(CH2)3PPh2), required longer
time and resulted in lower yields of 23. Palladium complexes,
both tetrakis(triphenylphosphine)palladium(0), Pd(PPh3)4 (26),
and dichlorobis(triphenylphosphine)palladium(II), PdC12(PPh3)2
(27), were ineffective for the reaction. It is noteworthy that,
under all the reaction conditions examined, none of the geminal
dimethylated product was detected at all, and 23 was obtained as
the sole product.
Based on this optimization study, the typical experimental
procedure for the coupling reactions is summarized below.
Dithioacetal was treated under nitrogen atmosphere with three
equivalents of Grignard reagent and a catalytic amount of
N1C12(Pph3)2 (10) (3-10 mol percent) in ether-benzene mixed
Solvent at ambient temperature for 7-20 hr. After usual workup
and chromatographic separation, the corresponding coupling
products were obtained in good yields. Some results are tabulated
19




















a All reactions were carried out in benzene-ether at room'
temperature unless otherwise specified. b 12 mol% of PPh3 was






As can be seen from Table 2, the nickel-catalyzed reaction
of benzylic dithioacetal with Grignard reagent is indeed a
general reaction. When benzophenone derivative 20 was employed,
straight chain aliphatic Grignard reagents afforded the
corresponding products in good yields (entries 1-3). Thus, 2,2-
phenyl-1,3-dithiolane (20) was allowed to react with
ethylmagnesium bromide and n-butylmagnesium bromide under.. usual
conditions to give in good yields 1,1-diphenyl-l-propene (28) and
1,1-diphenyl-i-pentene (29), respectively. In these reactions no
detectable reduced products were isolated (see below).
Based on the general catalytic cycle30,31.proposed for the
coupling reaction of aryl halide or sulfide with Grignard reagent
mentioned in the Introduction section of this chapter, a
plausible catalytic pathway for the formation of 23 is outlined
in Scheme 2G. Hence, the methyl group from the Grignard reagent
will first replace a sulfur moiety in the starting dithioacetal
to form the first carbon-carbon single bond (step a). The second
Scheme 2G
Ph CH3Ph S CH3MgI
Ph2C=CH2i




Table 2 Nickel-Catalyzed Coupling of



















sulfur entity will then be eliminated from intermediate 34 thus
formed in couple with the loss of a 6-hydrogen to yield the
corresponding olefin 23 (step b).
Benzylic dithioacetal is apparently more active than
benzylic sulfide under the nickel-catalyzed conditions. The co-
existence of two aryl groups was not necessary. Dithioacetals
derived from aromatic aldehydes also underwent the olefination to
give alkenes. Hence, dithioacetal 30 was converted to olef in 31
in 80% yield (entry 4). The steric hindered dithioacetal 32
behaved similarly to give an exo olefin 33 in 78% yield .(entry
5).
As shown in Scheme 2G, the hydrogen to be eliminated in
step b arises from the alkyl group of the Grignard reagent.
However, when dithioacetal substrate contained B-hydrogen(s), two
competitive elimination reactions from 35. would be expected
(Scheme 2H). Accordingly, a mixture of two isomers 36 and 37
would be obtained.
Scheme 2H
R Ar CH2R'Ar Ar R'
R' CH2 RCHZRCH2 S
3536 37
This viewpoint has been tested. Thus, dithioacetal 38 was
treated with Grignard reagent 21, according to the typical
procedure mentioned previously, to afford 39 in 83% yield (eq.
2.10). In this case, both R and R' in 35 were hydrogen and,
therefore, eliminations in either directions gave the same
product.
(eq. 2.10)
The reaction with 40 is worth noting. According to the path¬
way shown in Scheme 2H, two products 41 and 42 are expected.
Indeed, 41 and 42 were isolated in 83% yield in a ratio of two to
°ne. This is understandable because the more substituted olefin
is thermodynamically more stable (Scheme 21).
Scheme 21
The regioselectivity of the elimination step shown in Scheme
2H was remarkable in cyclic dithioacetals. To illustrate this,
tetralone dithioacetal 46 was allowed to react with Grignard
reagent 21 to give in 60% yield 1,2-dihydro-4-methylnaphthalene
(47) . In a similar manner, indanone dithioacetal 48 gave rise to
the corresponding methylated product 49 in 69% yield (Scheme 2J).
The lack of exo isomers in these cyclic substrates may be mainly
due to the thermodynamic stability of endo olefins.
Scheme 2J
2.2.5 Mechanistic Investigation
Before considering the mechanism proposed for the cross-
coupling of dithioacetal with Grignard reagent in the presence
°f the nickel catalyst, it is interesting to note that the
faction of the corresponding benzylic acetal 50 with Grignard
reagent is independent on the nickel catalyst.60 In the presence
°r the absence of catalyst 10, alkylated ether 51 was the only
Product (eq. 2.11). However, no reaction between 1,3-dithiolane
20 and Grignard reagent 21 occurred in the absence of the nickel
catalyst 10.
(eq. 2.11)
A plausible catalytic cycle for the reaction of a
dithioacetal with Grignard reagent 21 is outlined in Scheme 2K.
Firstly, a dihalodiphosphinenickel 10 reacts with a Grignard
reagent to form a diorganonickel complex 52, which either
undergoes reductive elimination to yield diphosphinenickel 53, 61
or is directly converted to nickel complex 54 as 53 does, by an
oxidative addition process with the dithioacetal.62
The role of aryl group in the benzylic dithioacetal in these
coupling reactions is skeptical. Benzylic compounds are
generally more active than saturated counterpart.63 Few results
concerning transition-metal-mediated cleavage of carbon-
heteroatom bond in benzylic system were reported. Benzylic halide
could undergo oxidative addition with palladium(0) to form a-
complex 58, which could then be converted to 7r-complex 59 by
exchanging the anion (eg. 2.12).64-65
(eq. 2.12)
Scheme 2k
One example of transition-metal-catalyzed reactions of
benzylic substrates is the carbonylation and ring expansion of
aziridine in the presence of rhodium(I) [Rh(CO)2CI]2• The aryl
group in aziridine 60 is indispensable to make the reaction
work.66 It was assumed that the arene ring of aziridine
initially coordinates to rhodium, facilitating insertion into the
more substituted of the two carbon-nitrogen bonds, to give
rhodium(III) complex 61 (Scheme 2L).67 However, evidences to
support the assumption of the coordination of arene ring to the
metal were not provided.
Scheme 2L
Palladium(0) complex could cleave the benzyl-oxygen bond in
°-benzyl dithiocarbonate 62 to afford benzyl sulfide with the
evolution of carbonyl sulfide (eq. 2.13).68 This type ofni
cleavage, however, appeared not to be a general process for the
benzylic system. 0-benzyl thiocarbonate 63, for instance,
Remained intact under similar conditions.69
(eq. 2.13)
The aromatic ring at 2-position of dithioacetal was shown to
be essential to the nickel-catalyzed olefination. Aliphatic
dithioacetals such as 64 and 65, are stable towards Grignard
reagent under the nickel-catalyzed reaction conditions, even when
higher temperature, and longer time were employed.
The two carbon-sulfur bonds in dithioacetal may be cleaved
c°nsecutively. In other words, when the first carbon-sulfur bond
is cleaved by nickel (0) , 70-72 a sulfur coordinated intermediate
54 might be formed. In next step, the alkyl portion of the
Grignard reagent may associate with nickel followed by a
reductive elimination step, to give the corresponding alkylated
xhtermediate 55 (see Scheme 2K).
The existence of the intermediate 55 was not fully confirmed
this stage of the investigation. Attempts to isolate the
intermediate 55 from the reaction of dithiolane 20 and Grignard
reagents 21 in the presence of stoichiometric amount of nickel
complex 10 failed. The reaction of dithiolane 20 with 1.5
equivalents of Grignard reagent (21) under usual conditions gave
no sulfide 66, and only 1,1-diphenylethene (23) was detected.
On the other hand, a positive result was found in the
reaction of diphenylmethyl methyl sulfide (67) with Grignard
reagent 21 in benzene under refluxing conditions. Olefin 23 was
formed in 41% yield (eq. 2.14). However, another benzylic
thioether 68 was totally recovered under the same conditions (eq.
2 15). The relative low yield of olefin from 67, as well as
r®lative low yield in the coupling reaction of benzylic sulfide
13 indicated that the reactivity of benzylic sulfide toward




An intramolecular oxidative addition of nickel(0) to carbon-
sulfur bond may explain the reactivity differences between the
intermediate 55 and the sulfides 68 and 67. In other words, the
next oxidative addition could proceed immediately after the
formation of 55, because the coordination of the thiolate anion
with the nickel may form a chelated intermediate 55b to assist
the cleavage of the second carbon-sulfur bond.
In order to test the validity of this hypothesis, sulfide 70
Was synthesized from dithiolane 69 according to eq. 2.16.10 Thus,
the reaction of thiol 70 with Grignard reagent 21 in the
Presence of the nickel catalyst 10 under refluxing conditions,
giving olefin 71 in 31% yield. It is interesting to note that a
dimeric product 72 was also obtained from the reaction mixture in
33% yield, which was not isolated or detected in all reactions
discussed above (eg. 2.17).
(eq. 2.16)
(eq. 2.17)
Based on these results and results which will be discussed
m Chapter 3, the ligation of the first sulfur moiety to the
hickel is essential in this catalytic process. The assistance of
sulfur ligand to the cleavage of second C-S bond can be
c°nsidered as a domino effect.
The cleavage of the second carbon-sulfur bond gave a
sterically crowded alkyl-nickel intermediate 56, which would
Undergo either a 3-elimination step to give an olefin 57, 73 or
a coupling reaction to afford dialkylated product 73. The absence
of 73 in all cases in benzylic substrates would be the outcome of
a fast p-hydride elimination in the intermediate 56. The
liberation of olefin 57 regenerated the nickel(0) complex and
completed the overall catalytic cycle.
The sp3-carbon-sulfur bonds in benzylic dithioacetals were
intact under the reaction conditions. According to the mechanism
proposed above and the experimental observations (e.g. after the
reaction, there was a large amount of precipitate and the typical
smell of 1,2-ethanedithiol), the dithiol part would be liberated
as a magnesium salt in the final step. The existence of magnesium
salt was confirmed by the treatment of the reaction mixture with
benzyl bromide followed by the usual workup procedure. Disulfide
75 was isolated in 47% yield (eg. 2.18).
(eg. 2.18)
The reaction of dithiolane 20 with i-propylmagnesium bromide
76 is worth noting. Under usual conditions, 20 afforded a 1:6.7
mixture of 1,l-diphenyl-2-methylpropene (77) and 1,l-diphenyl-2-
methylpropane (78). This result is somewhat different from what
has been observed in the reaction of the same substrate with
straight chain Grignard reagents, where no reduced products were
detected at all. Presumably steric effect of isopropyl group may
determine the selectivity. In spite of the bulkiness of the
isopropyl group, the reaction behavior essentially follows the
general pattern shown in Scheme 2K. The formation of 78 is
somewhat striking. Presumably the association of the Grignard
reagent with the metal intermediate similar to 54 may occur to
Uive intermediate 79, in which a 3-hydride elimination from the
iso-propyl group is competitive with that from 1,l-diphenyl-2-
methylpropyl group to give a metal hydride 80.7475 The metal
hydride 80 then underwent a reductive elimination process to
afford the corresponding reduced product 78 -(Scheme 2M) . These
tssults are consistent with the mechanism proposed in Scheme 2K
that the formation of C-C bond proceeds before the
elimination.
As mentioned earlier the reaction using the catalyst with
hidentate ligands, in general, required longer time and gave
lower yields. It is believed that bidentate ligands, such as dppe
ahd dppp, could form a chelated complex 81 (Scheme 2N).74 Thus,








the dissociation of phosphine and the subsequent 3-elimination
may not be a favorable process. Since the ligation of sulfur is
vital, not only to the oxidative addition of sulfide 55, but also
to regioselectivity of (3-hydride elimination (vide infra) , the
presence of bidentate phosphine ligand could somehow reduce the
overall rate of the olefination reaction.
2.2.5 Other Results
A. Organolithium compounds are not suitable nucleophile for
transition metal-catalyzed coupling reaction. Phenyl lithium did
not react with vinylsulfide in nickel(II)-catalyzed coupling
reaction.29 On the other hand, it has been reported that alkyl-
l
lithium could react with dithiolane to abstract a proton at the
position-4 of the dithiolane, giving mercaptan (eq. 1.2).12 The
temperature for such process is around 0°C or below. So at the
temperature for coupling process, the decomposition of dithiolane
could be fast enough to compete with the cross-coupling path.
•i
Indeed, the replacement of Grignard reagent 21 with methyllithium
in the reaction of 69 gave a mixture of mercaptan 83 and





B. In 1982, Wenkert74 reported that in the presence of 1:1
nickel dichloride-triphenylphosphine the reaction of Grignard
reagents with unsymmetrical 1,1-bis(alkylthio)alkenes 85 led to a
general olefin synthesis. In this study, the cyclic ketene
dithioacetal 86 was found to react with Grignard reagents
affording the dialkylated products. A ?-hydride elimination to
form an allene is unfavorable in intermediate 87. For example,
ketene dithioacetal 86 was treated with 21 to give an olefin 77
in 79% yield. The reaction with trimethylsilylmethylmagnesium
chloride afforded a bis-allylsilane 88 in 48% yield which may be







Organosilicon compounds demonstrate an enormous variety of
fascinating applications in organic synthesis.7680 To
illustrate this, the silicon moiety can readily be replaced by
various electrophiles (Scheme 3A).
Scheme 3A
The intrinsic idea behind this approach relies on the
reactivity of the carbon-silicon bond. It is generally considered
that the carbon-silicon bond is more polar than the
corresponding carbon-carbon bond, and, therefore, more
susceptible toward electrophiles. Furthermore, a carbocationic
species can be stabilized by a neighboring Si-C bond.81 As a
result, the liberation of the silyl group gives the corresponding
alkenes.82
A number of synthetic pathways for the preparation of vinyl
and allylsilanes have been developed. Two general syntheses for
vinylsilanes are widely used. The first category involves the
direct introduction of the carbon-silicon bond at the vinylic
carbons. Wurtz-like coupling reactions starting from the
corresponding halides have been shown to be extremely useful.83-




Another approach in this category involves the
stereoselective syntheses of vinylsilanes from acetylenic
precursors. This can be effected by the addition of
trialkylsilanes to terminal acetylenes in the presence of
chloroplatinic acid. Terminal vinylsilanes are obtained
exclusively. The reaction is highly stereospecific with syn




The second approach uses substrates already incorporated
with the.silyl group. Hydroalumination of 1-alkynylsilane occurs
regioselectively. The stereochemistry of the addition is
dependent on the presence or absence of Lewis base. The following

















It is worth to mention that the coupling reactions of
Grignard reagents with silylvinyl halides, such as 89 and 90, in
the presence of palladium catalyst have been used in the.
Preparation of vinylsilanes (eqs. 3.3a and 3.3b).88-89
TMS TMS
1) RMgX








Recently, Weimer and his coworkers reported the preparation
of vinylsilanes from reactions of silyl substituted vinyl




Palladium-catalyzed arylation of trimethylvinylsilane (the
•I
Heck reaction91) serves as an alternative preparative route to
substituted vinylsilanes (eq. 3.5).92-94
(eq. 3.5)
Direct reaction of a carbonyl function with trimethylsilyl-
ftethylmagnesium chloride or trimethylsilylmethyllithium produces
a (3-silyl alkoxide which usually gives an olefin after the
elimination of a silanoate (Peterson olefination) (eq. 3. 6).95
tmsch2m
(eq. 3.6)
In a Wittig-Horner-Emmons reaction, the elimination of
trimethylsilanoate is apparently more favorable than that of





Accordingly, it is difficult to introduce the vinylsilane
r
functionality directly from a carbonyl group. A modification of
Peterson reaction has been explored (Silyl-Wittig-Peterson
Reaction).97-98 Thus, upon treatment with bis[trimethylsilyl]-
toethy1lithium (91), a carbonyl group can be converted into a
vinylsilane (eq. 3.8). The reaction appears to be applicable only
to non-enolizable aldehydes and ketones.
(Me3Si)2CHLi
(eq. 3.8)
Procedures which result in the construction of internal
vinylsilanes (e.g. a-silylstyrenes, R3SiC(R')—CR2) appear laden
with problems. Two of the methods for the preparation of
vinylsilane of the type R3SiC(R1)=CH2 are the available starting
from silylacetylene and 1-(trimethylsilyl)-1-bromoethene (see
eq. 3.3b).88
The methods for the preparation of allylsilane are also
well-documented.76-80 Some useful procedures using transition
metal catalysts are discussed below. Kumada reaction provided ai'
direct pathway for the transformation of vinyl halides to
allyisilanes. Allylsilane 94 was obtained by using the nickel-
catalyzed cross coupling reaction•• of a
trimethylsilylbenzylmagnesium chloride (92) with vinyl chloride
(93) (Scheme 3C).100
Scheme 3C
It has been reported that Pd(PPI13) 4-catalyzed reaction of
43
trimethylsilylmethylmagnesium chloride with (E)-l-iodo-2-methyl-
1-hexene' (95) afforded stereoselectively (E)-3-methyl-2-







Sakurai extended such reaction to diene systems.101,102
Thus, the coupling reaction of trimethylsilylmethylmagnesium
chloride with 2-chloro-1,3-butadiene (97) provided a good method





As shown in section 2.2.1, the nickel-phosphine-complex-
Catalyzed reaction of dithioacetals with simple alkyl Grignard
reagents can serve as an attractive approach to the synthesis of
olefins. The net results of the reaction could be considered as
a wittig-like olefination, starting from an alkyl halide and a






It has been demonstrated in Scheme 2K, that in the
olefination of benzylic dithioacetal, the formation of a carbon-
carbon double bond arises from a -hydrogen elimination of the
benzylic nickel intermediate 57 (see Scheme 2K) . When a
substituted methylmagnesium halide or a dithioacetal containing
substituent(s) at 2-position is employed, the substituent will
eventually be introduced in the final products. Three different
approaches have been used in this investigation.
When a Grignard reagent containing trimethylsily1
substituent and a dithioacetal of aldehyde are employed, the
formation of the vinylsilane from a similar elimination step via







Secondly, when the hydrogen in 98 is replaced by. a methyl
group, the regioselectivities of )S-hydride elimination appear to
be interesting. As mentioned in section 2.2, thermodynamically
more stable olefin was the predominant isomer in the nickel-
catalyzed olefination of dithioacetal 35 with Grignard reagent
10. Theoretically, the coupling reaction of trimethyl-
silylmethylmagnesium chloride with dithioacetals containing
hydrogen from intermediate 99 would result in the formation of
•i
two isomeric silanes, namely, allylsilane and vinylsilane (eq.
3.11). It is possible to selectively prepare one of the isomers






The third approach is that when the trimethylsilyl group is
present at the a-position of the benzylic dithioacetal, the 1,1-
disubstituted olefin will be formed (eq. 3.12). The details of
these investigations are presented in the next section.
CH3MgX
(eq. 3.12)
3.2. Results and Discussion
3.2.1
-Silylstyrene
Trimethylsilylmethylmagnesium chloride (100) is the simplest
Grignard reagent carrying a silyl group. It can be readily
prepared from magnesium and chloromethyltrimethylsilane, which is




Initially, two representative systems, dithioacetals 101
and 20 derived from benzaldehyde and benzophenone, were treated
with 3 equiv. of 100 in the presence of a catalytic amount of
NiCl2(PPh3)2 (10) in refluxing ether-benzene overnight to afford
the desired vinylsilane 102 and 103 in satisfactory yields (76%
and 79%, respectively) (Scheme 3E). The nickel-catalyzed coupling
reaction of dithioacetal with Grignard reagent 100 introduced a
double bond and a silyl group to the carbonyl equivalents in one









Having been successful in these preliminary experiments, a
number of benzylic dithioacetals, with varying substituents on
the aromatic ring, were subjected to the silylolefination
Reaction. By employing similar procedures, the corresponding
vinylsilanes were obtained and the results are compiled in Table
3.
The data shown in Table 3 indicated that the
silylolefination of dithioacetal is a facile process. Either
Table 3 Nickel-Catalyzed Silylolefination of Dithioacetal
with Grignard Reagent 100
dithioacetal solvent product yield(%)
benzene or THF could be employed as the co-solvent with ether
there being no solvent effect on the yields of the reactions. The
presence of electron-donating substituents such as methyl or
methoxy groups essentially did not affect the reaction.
It is especially noteworthy that the ethereal linkages in 108
and 110 were stable under the reaction conditions. In general,
the carbon-oxygen bond is labile under nickel-catalyzed reaction
conditions with Grignard reagent, and could be cleaved to form
the coupling product.104
Substrates containing two dithioacetal functions behaved
similarly. As a result, o-phthalaldehyde dithioacetal 112
afforded the bis-silylolefination product 113 in satisfactory
yield. p-Bisvinylsilane 115 was isolated similarly from the
reaction of p-phthalaldehyde dithioacetal 114 (Scheme 3F). These





Aryl halides are known to couple with Grignard reagent in
the presence of nickel catalyst.31 62 Accordingly, reactants
containing such functionality would also react with 100 under the
reaction conditions. Thus, when excess Grignard reagent 100 was
used, o-bromobenzaldehyde dithioacetal 116 underwent a double
coupling reaction to introduce both vinylsilane and benzylsilane
functions in one step, giving 117. In a similar manner, the













There are two reactive sites in 116 and 118. When
insufficient Grignard reagent was used under milder conditions,
one of the two functionalities will be attacked selectively
before the other, and their reactivities could be differentiated.
Thus, treatment of 116 with 3.5 equiv. of 100 in benzene at
rooi temperature afforded 117 and 2- (2-
trimethylsilylmethylphenyl)-1,3-dithiolane 120 in 61% and 30%
yields, respectively (eq. 3.14). The isolation of 120 implied






Compound 117 would be very useful in the annelation reaction.
Indeed, related compounds have been employed as the precursor of
an o-quinodimethane intermediate used in polycyclic natural
product synthesis (Scheme 3 H).105 Hence, the procedure for the
synthesis of 117 depicted above provides a useful opportunity to
develop the new methodology in synthesizing complex natural
products.
It is important to note that in all cases mentioned above,
only (E)-vinylsilanes were isolated and no detectable quantity of
(Z)-isomers was observed from the reaction. The coupling
constant of the olefinic protons for these vinylsilanes in -H NMR
spectra appeared in the range of 19-20 Hz. Two olefinic protons
Scheme 3H
showed a typical AB pattern. The chemical shifts of the silyl
group and the olefinic protons, as well as the coupling constants
of the AB system are listed in Table 4. For most of the
vinylsilanes, the chemical shifts of the olefinic proton a to the
silyl group range from 6.28 to 6.54 ppm. The protons near the
aryl group resonated at a lower field from 6.81 to 7.20 ppm. The
substituents in 111 shifted two olefinic protons to higher
fields at 6 5.90 and 6.22 ppm.
The catalytic cycle proposed for the formation of
vinylsilane is sketched in Scheme 31 which is similar to that
shown in Scheme 2K. The reaction may proceed via the first
coupling reaction with 100 to give the intermediate 122 which
inay undergo an oxidative addition with a Ni(0) species to afford
intermediate 123. A 3-elimination process may then occur to yield
Table 4 The Chemical Shifts (6) of -Si(CH3)3, Ha and Hj-,


























































-hydride elimination of transition metal complex
generally requires the cis-coplanarity of M-C-C-H atoms.106 The
intermediate 123 can be represented by the Newman projections
124a and 124b. Apparently, 124a would be relatively more stable
than 124b because the severe interaction between the silyl group
and the aryl group may occur in 124b. The preference of the
conformation 124a, therefore, determined the (E) stereochemistry
of the final product.
As mentioned earlier, silyl groups are labile in a number of
examples in organic reactions. In fact, the elimination of silyl
group by means of palladium-catalyzed Heck type reaction has been
observed.9294107'108 For example, the palladium-catalyzed
reaction of vinylsilane with aryl iodides yielded desilylated
product, ArCH=CH2.107 The desilylation is suppressed by the
addition of silver ion9293 or phosphine ligand.94
Such desilylation was also observed in the coupling reaction
of dithioacetal 20 with 100. The reaction was catalyzed by a
nickel salt 22 in the absence of phosphine ligand. In addition
to vinylsilane 103, the desilylated product 23 was also obatined





The regioselectivity of hydrogen elimination from two
alkyl groups in the intermediate 99 appeared to be dependent upon
many factors, including the influence of ligand(s), stabilities
of the olefin formed, the solvent and even the nature of the
substrate. Under the conditions similar to those described in
Section 3.2.2, using ether-benzene mixed solvent, dithioacetals
containing (3-hydrogens (s) gave predominantly, if not exclusively,
allylsilanes. Thus, dithioacetals 46 and 48 derived from
cyclic ketones gave in good yields allylsilanes 125 and 126 as
the only products. This is understandable because the products
all contain endocyclic double bond, which are thermodynamically
more stable (Scheme 3J).
Scheme 3J
The results with acyclic ketone derivatives were somewhat
different. A significant amount of vinylsilanes were accompanied
in the reactions. Scheme 3K summarized the results.
The ratios of two isomers 128 and 129 were determined by
measuring their relative integrations of the olefinic protons
or that of the protons of trimethylsilyl groups in -HNMR spectra.
The assignments of E-configuration of vinylsilanes were based on
nuclear Overhauser effect experiments on the irradiation of the
methyl group or olefinic proton. For example, 129a was assigned
to have E stereochemistry on the basis of the observation of no
NOE enhancement of the vinylic H at 5 6.06 upon irradiation of
the methyl resonance at 5 2 .25.
Several factors govern the regioselectivity of these
Reactions. It has been documented that vinylsilane is
thermodynamically more stable than allylsilane.109 For instance,
































kJ mol1 lower in energy than the corresponding allylsilane 131
(eg. 3.16).109
(eg. 3.16)
The relative thermodynamic stability of vinylsilane and
allylsilane was apparently not the major factor controlling
the regioselectivity of the coupling reaction. In most of the
cases, the predominant isomer was allylsilane, which ranged from
62% to 90% among the mixture (see Scheme 3 K).
Preliminary examinations showed that the regioselectivity of
reaction was solvent-dependent. The solvent effect on the
reaction of dithioacetals 69 and 33 is summarized in Table 5.
As depicted in Table 5, the regioselectivities of the
elimination step for simple 2-methyl 2-aryl 1,3-dithiolane, like
69, changed slightly with varying the polarity of the solvent.
The less polar solvent apparently favored the formation of
allylsilane.
For sterically hindered dithioacetal 33, the influence of
the solvent polarity is significant. When a mixed benzene-ether




















a. Only (E)-isomer was obtained.


























solvent was employed, the ratio of allylsilane 128c and
vinylsilane 129c was 62 to 38. If tetrahydrofuran was used to
replace benzene in this reaction, the ratio of 128c to 129c
changed to 27:73. None conclusion on the solvent effect can be
drawn at this stage.
In addition to the influence of the solvent polarity, it was
found that the ring size of the dithioacetal also changed the
distribution of allylsilane and vinylsilane. In contrast to
dithiolane 127a, the reaction of dithiane 132 with 100 afforded a






According to the fore-mentioned mechanism of the nickel-
catalyzed coupling reaction of dithioacetal, during the course of
the reaction of dithioacetal 132 with 100, an intermediate 133
would be formed after the introduction of a trimethylsilylmethyl
group. Based on the same mechanism, the reaction of dithioacetal
134 with methylmagnesium iodide would give the same intermediate
133. Theoretically, the same intermediate from two different
starting materials would yield same products. In other words, the




The experimental results were somewhat consistent with the•i
prediction. After the reaction of dithioacetal 134 with methyl
Grignard reagent in the presence of a catalytic amount of
Nici2(PPh3)2 a 18:82 mixture of allylsilane 128a and vinylsilane





These results could give two important implications, that
the leaving group, dithioate, remained to coordinate with nickel,
serving as a bidendate ligand at the stage of -elimination from
intermediate like 136, and that the conformation of the sulfur
moiety in 136 is crucial to the distribution of products.
The coordination of sulfur ligand during the course of the
reaction was supported by the fact that the ratios of 128a and
129a from either 127a or 134 were almost same by employing
Nici2(dppe) as a catalyst (Scheme 3M) . The bidentate ligand,
dppe, could chelate with nickel to decrease the influence of
sulfur moiety. The low yields of the coupling reaction could be



















The extension of the olefination reaction to the synthesis
of a-silylstyrene has been investigated. As discussed in Section
3.1, the synthetic procedures for a-silylstyrenes in the
literature normally required not readily accessible starting
materials. It is noteworthy that none of these internal
vinylsilanes was obtainable from simple aldehydes.
Based on the olefination reaction of dithioacetals, it
becomes apparent that treatment of a-silyl substituted dithiane
138 with Grignard reagent under usual conditions would lead to
the desired vinylsilane. Substrate 138 was readily available in
excellent yield from the silylation of the corresponding dithiane
137 (eq. 3.19).110 Thus, deprotonation of 2-aryl-l,3-dithiane
with n-butyllithium at -30°C followed by the reaction of
chlorotrimethylsilane yielded 138.
(eq. 3.19)
The reactivity of 2-silyl dithiane with the Grignard reagent
Under olefination conditions was much less than that of
unsilylated dithioacetals. When the reaction was carried out in
refluxing benzene or tetrahydrofuran for 48 hr, only starting
material was recovered. However, under more vigorous conditions
(e.g. in refluxing toluene), the reaction proceeded smoothly to
yield the desired product. A general procedure is summarized
below.
An ethereal solution of methylmagnesium iodide 20,
dithioacetal 138a and the catalyst 10 was evacuated to give the
solid residue which was taken up in toluene. The reaction mixture
was heated under reflux overnight. 1-Phenyl-l-
trimethylsilylethene (139a) was isolated in 68% yield from the
reaction of dithioacetal 138a after the chromatographic
purification. Similarly, 1-(1-naphthyl)-1-trimethylsilylethene
(139b) and 1-(2-naphthyl)-1-trimethylsilylethene (139c) were
obtained from the corresponding dithioacetals 138b and 138c in





















In general, the rate of (3-hydride elimination increases as
the temperature increases.111 Similar tendency was also observed
in reaction of dithioacetal 138b with ethylmagnesium bromide in
refluxing toluene. From the reaction mixture, only reduced
product 140 was isolated in 56% yield (eq. 3.20). This nickel-
involved homogenous reductive desulfurization of dithioacetal
gave the same product as Raney nickel did. It is obvious that the
rate of a ?-hydride elimination from ethylnickel intermediate 141
would be faster than that of the coupling step, providing the











Since the discovery on the catalytic alkylation of allylic
compounds appeared in the literature,112 the application of ir-
allyl transition metal complexes, particularly, palladium
complexes, in organic synthesis has engendered keen
interests.113-115
The reaction has generally been assumed to proceed via the
cationic 7r-allyl intermediate,116-117 which is formed by the
oxidative addition of an allylic substrate to an M(0) complex
where M(0) usually is palladium(O) or nickel (0). The 7r-allyl
transition metal complex thus formed is further attacked by the
nucleophile to yield the coupling product-(Scheme 4A).
Scheme 4A
leaving group
Unsymmetric allylic intermediate can give rise to
regioisomeric products by attacking at either terminal carbon
atom (Scheme 4B) . Control of the regioselectivity in such
coupling reactions remains one of the most difficult and
challenging problems in this field.118-119
Scheme 4B
A number of factors may influence the regioselectivity. They
are: (a) the nature of the catalyst; (b) electronic factors such
as the charge distribution on the two allylic termini; and (c)
the relative stability of the intermediate olefin complexes
formed from the reaction etc.118-123
The relative importance of steric and electronic factors
is difficult to predict and varies with the different metal
system, the ligand array, the nucleophile, and the substitution
pattern of the 7r-allyl intermediate.118 For example, the
influence of different metals and nucleophiles on the
regioselectivity has been investigated for several alkylation
reactions catalyzed by NiCl2(dppf) and PdCl2(dppf) (dppf = 1,1'-
bis(diphenylphosphino)ferrocene) complexes.124 The regiochemistry
for the nickel- and palladium-catalyzed substitution of 142 by
phenylmagnesium chloride was different. Substitution occurs
primarily at the more substituted position (up to 88%) when
nickel complex was employed as the catalyst, but at the less





When allylic substrate having two leaving groups like 143 is
subjected to a double alkylation, a mixture of regioisomers will
be expected (Scheme 4D).
Scheme 4D
In fact, reactions with allylic acetals and geminal
tfiacetate are generally non-regioselective.60125126 The nickel-
catalyzed reaction of allylic acetal 144 with phenyl Grignard
reagents yielded two products 145 and 146. Here, the first step












The reaction of allylic diacetate was more complicated. The
distribution of products was dependent on the substrate, the
nucleophile, and the base.125126 For example, the palladium-
catalyzed alkylation reaction of 147 with dimethyl methylmalonate
148 occurred at both ends to give a mixture of 149, 150 and 151
(eq. 4.2).126 It is noted that the formation of diene 151 was the












147 149 150 151
C02Me
(eq. 4.2)
The generality of the cleavage of the carbon-sulfur bond in
the nickel-catalyzed olefination of benzylic dithioacetal with
Grignard reagent suggested the feasibility of effecting an
alkylation in allylic dithioacetal. In the presence of nickel
catalyst, one (or both) C-S bond(s) in allylic dithioacetal could
be replaced by carbon-carbon bond. The regioselectivity of the
coupling reaction would be very interesting. The sulfur moiety
would be expected to play an important role for such selectivity.
In the next section, the investigation on the nickel-
involved reaction of allylic dithioacetal with Grignard reagent
100 is presented.
4.2 Results and Discussion
4.2.1 Reaction of Allylic Dithioacetal with Silylmethyl Grignard
Reagent 100
Cinnamaldehyde dithioacetal 152 was employed as the model
system. Refluxing an ether-benzene solution of 152 and
trimethylsilylmethylmagnesium chloride (100) in the presence of 5
mol% of NiCl2 (PPh.3) 2 (10) led directly to a (IE, 3E)-diene 153




The determination of the configuration of dienes will be
discussed in Appendix.
In this reaction, the dithioacetal moiety was replaced by a
double bond and a silyl group. The overall result of the reaction
could be considered as an extension of the silylolefination
reaction of benzylic dithioacetals.
The nickel-catalyzed silylolefination reactions of allylic
dithioacetals have been shown applicable for a variety of
dithioacetals. In contrast to the reaction of allylic
acetate,60 the nickel complex was essential in the coupling
reaction. No reaction occurred in the absence of nickel, catalyst.
These reactions could be performed in one millimole scale or
in an as large as ten gram scale. An Organic Synthesis procedure
was established (see Experimental Section).127
Alkyl or aryl substituents at C-2 and C-3 position in
allylic dithioacetals did not affect the reaction. Thus,
dithioacetals 154, 156 and 158 were converted to the
»«
corresponding 1-silyl-l, 3-dienes 155, 157 and 159 in the









The reaction could be extended to dienyl dithioacetal
derivatives. To illustrate this, 160 was converted into 1-silyl-







It has been reported that vinylsilane could be formylated
with Cl2CH0Me in the presence of a Lewis acid, giving a enal
162,128 which could in turn serve as a precursors for higher
homologues of vinylsilane. Vinylsilane could also be transformed
directly into allylic dithioacetal by a similar reaction (Scheme
4F).129 Accordingly, by combining the silylolefination reaction













As can be seen from the results mentioned previously, the
reaction provides a very efficient method for the synthesis of l-
silyl-i,3-dienes. More importantly, the reaction is
regiospecific. The trimethylsilylmethyl group attacked only at 1-
position of the allylic system. It is noteworthy that the origin
of the regiospecificity of the reaction was apparently not from
the aryl group. The conjugative preference60 is not essential in
these reactions. For example, dithioacetal of crotonaldehyde 163
gave diene 164 in 65% yield (eq. 4.6). The slightly lower yield
of the reaction may be mainly due to the low boiling point of




A similar observation of the regiospecificity in aliphatic




EfZ 2179 EfZ 2179 (93%)
6436 6832 (92%)
The nature of the dithioacetal functionality has essentially
no effect on the reaction. Either open-chain or six-membered ring
dithioacetals 167 and 168 afforded 153 in 82 and 76% yields,
respectively (Scheme 4H).
The mechanism of the reaction may follow a pathway similar
to that suggested for the benzylic case. A plausible catalytic








dithioacetal may cleave consecutively. The first carbon-sulfur
bond may undergo oxidative addition with the nickel(0) species to








The next step may involve the association of the Grignard
reagent with the intermediate 169 to give 170 which will
undergo reductive elimination to yield coupling product 171.
The nature of 170 is not clear. The remaining sulfur group in 170
may play an important role on the selective alkylation at C-l.
It seems conceivable that the sulfur moiety in 170 may coordinate
to the nickel, such that a cr-allyl-metal intermediate 170b may





Indeed, a related complex 173 has been synthesized from the
reaction of Na[Mn(C0)5] and 172.130 Similar complexes 174
••
derived from thiophenes were also prepared (Scheme 4J).131 In






The evidence for the formation of allylic sulfide 171 during
the course of the reaction was supported by an independent study
on the reaction of an allylic thioether 176, which was






Treatment of 176 with Grignard reagent 100 under usual
conditions afforded 153 in 76% yield (eq. 4.8). As discussed in
Chapter 2, benzylic thioethers were quite inert under the similar
conditions. Obviously, allylic substrates are more reactive than
benzylic analogs. In addition, unlike benzylic dithioacetals,









The oxidative addition of intermediate 171 with nickel
catalyst will cleave the second carbon-sulfur bond followed by
the possible association of the Grignard reagent and the
elimination to give the 1-silyl-l,3-diene (see Scheme 41).
Th€
-hydride elimination of the 7r-allylic metal system has
been known for several allylic substrates. For example, allylic







This step may not be prerequisite for the next -elimination.
Recently, the elimination of acetic acid from 178 was found
in the substitution reaction with 179. Using Pd2(dba)3.CHCI3
(180) as catalyst, in the presence of triphenylphosphine, 1-










As shown above, the silylolefination reaction was highly
stereoselective. The configuration of the silyl-substituted
double bond is always in a trans configuration. These results are
understandable within the framework of the steric requirement of
the reaction. Similar to the silylolefination of benzylic
dithioacetal, the conformation 182a was relatively more stable
than 182b.
182a 182b
However, exceptional cases have been found in the reactions
of the geometrical isomers (E)-183 and (Z)-186. Thus, the
reaction of (E)-183 led to in 88% yield (IE, 3E)-1-silyl-l,3-
••
diene 184, and (IE, 3Z)-isomer 185 in a ratio of 92:8. In the
reaction of (Z)-186, the similar product distribution was
obtained (184:185 = 94:6) (Scheme 4L). Presumably, an
equilibration in the intermediate 187 andor 188 may occur to




















Multifunctionalized 1-silyl-l,3-dienes often exhibited high
reactivity and regio- and stereospecificity toward
••
dienophiles134 135 and electrophiles.136 Consequently, these
dienes are becoming well established as useful intermediate in
organic synthesis. Several efficient synthetic methods134144 for
their preparation are available. For instance, 1-silyl-l,3-
dienes could be obtained from the reactions of carbonyl
compounds with the allyltrimethylsilane anion13513' 136b or with
the l,3-bis(trimethylsilyl)propenyl anion138 (Scheme 4N) .
Palladium-catalyzed coupling of vinyl triflates or vinyl iodides
with vinyltin reagents afforded a route for the synthesis of
• »









However, the starting materials of such preparation
reactions in literature are not readily available. In some cases,
a mixture of regio- and stereoisomers are obtained. Thus, the
nickel-catalyzed silylolefination of allylic dithioacetal
provided a convenient way for the preparation of these dienes
from a,-unsaturated aldehyde via the corresponding dithioacetals






Dithioacetals couple with a variety of Grignard reagents in
the presence of a nickel(II) complex to form a carbon-carbon
double bond. The new synthetic method can be applied to the
synthesis of vinylsilanes, allylsilanes and i-silyl-l,3-dienes.
As with most synthetic methods, the present sequence
suffers from certain limitations. The most obvious of these is
the requirement for the substrate to be stable to Grignard
reagent. Functional groups like esters, nitriles, and even aryl
halides 166 are not tolerable. Secondly, 3-4 equivalents of
Grignard reagent are needed to. maximize the yield of
vinylsilanes. According to the proposed mechanism, one equivalent
of Grignard reagent is used to abstract a proton. While a halide,
which is not easily accessible, acts as the precursor of Grignard
reagents, the requirement of 3-4 equivalents of the halide will
become the major obstacle.
For obvious reasons, the two consecutive steps and the
formation of RH (from RMgX) also eliminate the possibility to
carry out an intramolecular coupling, forming a cyclic olefin in
one step.
The third limitation is that the presence of an a-aryl or
Vinylic group in the dithioacetal is needed.
Despite these drawbacks, the reaction offers significant
85
advantages over other synthetic methods in the preparation of
substituted olefins, vinylsilanes, allylsilanes, and 1-silyl-l,3-
dienes from aldehydes and ketones via their corresponding
dithioacetals. The reaction conditions are considerably milder,
making it possible to conduct most of the reaction below 60°C.
The use of stable, readily available nickel(II) catalysts, the
easy accessibility of precursors and reagents, and the overall
simplicity of the experimental and purification procedure hold






Melting and boiling points are uncorrected. Infrared spectra
were recorded on a Perkin-Elmer 283 spectrophotometer. Proton
nuclear magnetic resonance (1HNMR) spectra were obtained on a
JEOL PMX-60 (60 MHz) NMR spectrometer and/or a Bruker 250 WM (250
MHz) NMR spectrometer. Chemical shifts are reported as parts per
million (ppm) downfield from tetramethylsilane. in 6 units.
Coupling constants are in hertz (Hz). 1HNMR data are reported in
this order: chemical shift multiplicity (s= singlet, d=
doublet, t= triplet, q= quartet, quint= quintet, m=
multiplet, br= broad) coupling constant(s) number(s) of
proton. Unless otherwise specified, deuteriochloroform was used
as the solvent. The computer simulations of 1HNMR spectrum were
carried out on an IBM PC, employing a RACCOON program written by
Paul F. Schatz (University of Wisconsin/Madison). 1,3CNMR spectra
were recorded on a Bruker WM 250 spectrometer operating at 62.5
MHz. Peak positions are in ppm when using deuteriochloroform
with assigned values of 77.0 as internal standards. Mass spectral
(MS) data were obtained on a VG 7070F mass spectrometer.
Fragmentation data are- reported as m/z. Elemental analyses were
performed' at Deparment of Chemistry, National Taiwan University.
87
Materials. All reagents and solvents were reagent grade.
Further purification and drying by standard methods145 were
employed when necessary. Tetrahydrofuran was freshly distilled
from sodium-benzophenone ketyl. Benzene was distilled from sodium
wire. Ether was treated with lithium alumium hydride and
distilled before use. For the manuipulation of reactions
involving air-sensitive compounds,146,147 Schlenk techniques were
used under nitrogen atmosphere. Anhydrous solvents were
transformed via oven-dried syringes. Thin layer chromatography
(TLC) was carried out on EM 60 PF 254 silica gel plates. Silica
gel for flash chromatography148 was EM Kieselgel 60 (230-400
mesh ASTM). Fractions obtained from chromatography were monitored
by TLC. When mixed solvents were employed for recrystallization,
tho nrnduct was more soluble in the first mentioned one.
Grignard reagents. Grignard reagents were prepared in a
standard manner by adding a solution of an organic halide to
magnesium tuning which had been flame.-dried under a rapid stream
of dry nitrogen. After completion of the addition, the mixture
was refluxing for 30 min to ensure the completeness, of the
reaction. Concentration of the Grignard' reagents were determined
by adding one mL of the solution to an excess of standard
hydrochoric acid followed by back titration with a standard
sodium hydroxide solution.62
Other reagents n-Butyllithium (Aldrich) and methyllithium
(Aldrich) were standarzied by titrations with diphenylacetic
acid in THF.149
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Catalysts NiC12(PPh3)2 (10),152 NiC12(dppe) (24),153
NiCl2 (dppp) (25), 153, Pd(PPh3) 4 (26) 154 and PdC12 (PPh3) 2 (27) 155
were prepared by literature methods.
5.2 Preparation of Aldehydes
Ethox_vcarbonylmethylidenetriphenylphosphorane (15).156
A mixture of triphenylphosphine- (26.2 g, 0.10 mol) and ethyl a-
bromoacetate (16.7 g, 0.10 mol) in benzene (100 mL) was refluxed
overnight. The white solid was filtered and the filter cake was
washed with hexane (2 x 50 mL) and dried in vacuo.
The phosphonium salt was dissolved in water (200 mL). To the
slurry solution was added aqueous sodium hydroxide solution (4.0
g in 50 mL of water) and a large amount of solid was formed. The
solid was tritiated with dichloromethane (2x100 mL). The organic
layer was washed with water (2x50 mL) and dried over anhydrous
sodium sulfate. After evaporation of the solvent the ylid 15 was
obtained as white solid (33.0 g, 95%) which was used for next
reaction without further purification.
5-Phenyl-2,4-pentadienal (16)0157 Ethyl 5-phenyl-2,4-
pentadienoate. A suspension of cinnamaldehyde (2.6 g, 20.0 mmol)„
and ylid 15 (7.0 g, 20.0 mmol) in benzene (20 mL) was heated
with stirring at 60°C overnight, and then cooled to room
temperature. Ether (100 mL) was added to precipitate
triphenylphosphine oxide. After filtration, the filtrate was
concentrated in vacuo to give the residue which was purified on
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silica gel using hexane as eluent to give ethyl 5-phenyl-2,4-
pentadienoate.(2.5 g, 62%) 1HNMR (60 MHz) 6 1.30 (t, J= 7 Hz, 3
H, -OCH2CH3), 4.15 (q, J= 7 Hz, 2 H, -OCH2CH3), 5.92 (d, J= 15
Hz, =CHCOOEt), 6.65-7.65 (m, 8 H, other olefin protons and
aromatic). This material was used for next reaction without
further purification.
5-Phenyl-2,4-pentadien-l-ol. To an ice-cold solution of
ethyl 5-phenyl-2,4-pentadienoate (2.3 g, 11.3 mmol) in toluene
(10 mL) was added dropwise diisobutylaluminum hydride (1.2 M in
toluene, 20 mL, 24.0 mmol) over a period of 20 min. The yellowish
solution was stirred for 2 h at -40°C before the addition of
10% hydrochloric acid (100 mL). The mixture was allowed to warm
to room temperature and stirred for 15 min. The organic layer
was separated, and the aqueous layer was extracted with ether (2
x 50 mL). The combined organic phases were washed with 10%
hydrochloric acid solution, water (2 x 50'mL)* and brine, then
dried over anhydrous sodium sulfate. The solvent was removed in
vacuo to give 5-phenyl-2,4-pentadien-l-ol (1.1 g, 61%) 1HNMR (60
MHz) 6 1.6-2.02 (br s, 1 H), 4.23 (br d, J= 5 Hz, 2 H,
=CHCH2OH), 5.73-6.85 (m, 4 H, PhCH=CH-CH=CH-),_6.95-7.67 (m, 5 H,
C6H5-). This alcohol was used for next reaction without further
purification.
Potassium dichromate (10 g, 34 mmol) and dimethylsulfoxide
(100 mL) were mixed in a flask. The solution was warmed to 50°C
With stirring till all the solid was dissolved.157b A solution
of the oxidant (22 mL, 6.7 mmol) and 5-phenyl-2,4-pentadien-l-ol
(1.0 g, 6 mmol) were mixed and heated at 1000C with stirring for
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3 h. After cooling, the mixture was diluted with water (100 mL).
The aqueous phase was extracted with ether (2x50 mL). The
combined organic phase was washed with water (3x50 mL). After
drying and evaporation of the solvent, the crude product was
purified by chromatography on silical gel to afford 16 (0.8 g,
83% from alcohol) 1HNMR (60 MHz) 6 6.55 (dd, J= 7 and 15 Hz, 1
H, =CHCHO), 6.85-7.22 (m, 2 H), 7.22-7.65 (m, olefinic and
aromatic, 6 H), 9.60 (d, J= 7 Hz, 1 H, =CHCHO).
3-(1-Naphthyl)propenoic acid (17).158 A mixture of 1-
naphthaldehyde (15.6 g,.0.1 mol), malonic acid (10.4 g, 0.1 mol),
pyridine (11 ml, 0.13 mol)- and piperidine (3 drops) was heated
at 100°C with stirring until no gas (carbon dioxide) was evolved.
The mixture was cooled to room temperature and poured into a 1-L
flask. Then concentrated HC1 was added until the solution became
acidic. The solid was filtered and washed with water (2 x 30 mL).
The product 17 was dried under vacuum over phosphorous pentoxide
(15 g, 76%) and used directly for the next reaction without
further purification
Ethyl 3-naphthylacrylate (18).159 3-(1-Naphthyl)propenoic acid
(17) (14 g, 0.07 mol) was dissolved in ethanol (100 mL) in a 250
IL-round-bottomed flask fitted with a refluxing condenser. To
above-solution was added concentrated sulfuric acid (4 mL), and
the mixture was refluxed for 4 h. After cooling to room
temperature, ether (200 mL) was added and the mixture was washed
with 10% sodium bicarbonate (2x30 mL), water (20 mL) and brine
(30 mL). The organic phase was dried over anhydrous sodium
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sulfate. After removal of the solvent, the residue was
chromatographed on a short silica gel column to give ethyl 3-
naphthylacrylate (18) (13 g, 76%) 1HNMR (60 MHz) 6 1.35 (t, J=
6 Hz, 3 H, -OCH2CH3), 4.27 (q, J= 6 Hz, .2 H, -OCH2CH3), 6.45 (d,
J= 16 Hz, 1 H, ArCH=), 7.17-8.26 (m, 7 H,' aromatic), 8.45 (d, J
16 Hz, 1 H, =CHCOO-). The product was directly used for the
next reaction without further purification.
3-(1-Naphthyl)-2-propenal (19). 3-(1-Naphthyl)-2-propen-l-ol.160
To an ice-cold solution of ester 18 (7.0 g, 30.9 mmol) in toluene
(20 mL) was added dropwise diisobutylaluminum hydride (53 mL, 1.2
M in toluene, 64 mmol) over a period of 45 min. The yellowish
solution was stirred for 2 h at 0°C, and then. quenched with
hydrochloric acid (10%, 100 mL). The organic layer was separated,
and the aqueous layer was extracted with ether (3 x 50 mL).' The
combined organic phases were washed with sodium bicarbonate (.5%,
30 mL), water (2 x 50 mL) and brine, then dried, over anhydrous
sodium sulfate. The solvent was removed in vacuo to give 3-(l-
naphthyl) -2-propen-l-ol as oil (5.9 g, 100%) 1HNMR -(60 MHz) 6
2.3 (s, 1 H, -CH2OH), 4.32 (dd, 1 H, J= 2 and 5 Hz, -CH2OH)
6.25 (dt, J.= 5 and 15 Hz, 1 H, =CHCH2-), 7.07-8.18 (m, 8 H,
ArCH= and aromatic). This alcohol was used for-the next reaction
without further purification.
Potassium dichromate (10 g, 34 mmol) and dimethylsulfoxide
(100 mL) were mixed in a flask. The solution was warmed to 500C
With stirring till all the solid was dissolved. This solution
(81 mL, ca. 26.7 mmol) was added to a flask. containing 3-
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naphthyl-2-propenol (4.7 g, 24.7 mmol). The mixture was heated at
100°C with stirring for 3 h. After cooling to room temperature,
the mixture was treated with water (300 mL) and extracted with
ether (3 x 80 mL). The combined ether solutions were washed with
water (3 x 60 mL) and dried over anhydrous sodium sulfate.
Evaporating the solvent in vacuo gave the residue which was
purified with flash chromatography on silica gel eluting with
hexane to give 3-(1-naphthyl)-2-propenal (19) (3.8 g, 81%) 1HNMR
(60 MHz) 6 6.75 (dd, J= 8 and 16 Hz, 1 H, =CHCHO), 7.17-8.27 (m,
7 H, aromatic), 8.25 (d, J =16 Hz, ArCH=), 9.78 (d, J= 8 Hz,
=CHCHO). This aldehyde was directly used for the next
dithioacetalization.
5.3 Preparation of Dithioacetal
5.3.1 From Aldehyde and Ketone
2-Methyl-2-(l-naphthyl)-1,3-dithiolane (38). To a acetic acid
solution (80 mL) of 1-acetyl naphthalene (8.5 g, 50.0 mmol) were
added sequentially 1,2-ethanedithiol (4.2 mL, 50.0 mmol), boron
trifluoride etherate (1 mL, 8.1 mmol) and acetic anhydride (5 mL,
52.3 mmol). The mixture turned pink red and was stirred
overnight. Water (100 mL) was added and the solution was
extracted with chloroform (3 x 50 mL). The combined organic
solutions were washed with 10% sodium hydroxide (2 x 40 mL),
water (2 x 50 mL), and dried over anhydrous sodium sulfate. After
removal of the solvent, the residue was chromatographed on silica
gel eluting with 10% ethyl acetate in hexane to afford a thick
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liquid, which was distilled to give 38 (10.5 g, 85%) bp 150-
155°C (0.2 mm,' Kugelrohr), (lit.161--) IR (neat) v 3045,
2952, 2905, 1595, 1502, 1430, 1390, 1335, 1270, 1105, 1075, 850,
800, 765 cm-1 1HNMR (250 MHz) 6 2.38 (s, 3 H, -CH3), 3.27-3.51
(m, 4 H, -SCH2CH2S-), 7.34-7.57 (m, 3 H), 7.75 (d, J= 9.2 Hz, 1
H), 7.85 (dd, J= 1.6 and 8.0 Hz, 1 H), 8.17 (dd, J= 1.2 and 7.4
Hz, 1H),, 8.50 (d, J= 8.7 Hz) 13CNMR 6 34.3, 39.4, 69.9, 124.6,
124.7, 125.1, 125.3, 126.7, 129.0, 129.3, 130.3, 135.2, 140.9
m/z 248 (M+2, 9.86)f 246 (M, 95.1)f 231 (M-CH3, 86.1), 153 (base
Peak).
General Procedure for the Preparation of Dithioacetals from
Aldehydes or Ketones.49 To a stirred chloroform solution of a
carbonyl compound and one equiv. of dithiol two equiv. of
thiol) was added a catalytic amount of boron trifluoride
etherate (0.1-0.3 equiv.). After stirring for 3-8 hr at room.
temperature the reaction mixture was poured into-water -The
aqueous layer was extracted with chloroform. and the. combined
organic layers were washed twice with 10% sodium hydroxide.: and
water, and dried over anhydrous anhydrous sodium sulfate. The
filtrate was evaporated in vacuo to afford the crude
dithioacetal which was purified with recrystallization or
chromatography on silica gel.
2-Benzyl 2-phenyl 1,3-dithiolane (40). By employing the general
procedure, the reaction of benzyl phenyl ketone (1.6 g, 8.1 mmol)
in chloroform (10 mL) with 1,2-ethanedithiol (0.6 mL, 9.9 mmol)
and boron trifluoride etherate (0.5 mL, 4.0 mmol) gave the
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residue which was purified on silica gel to give 40 (1.7 g, 77%)
mp 68-70°C (chloroform), (lit.162--) IR (KBr) v 3052, 3025,
2920, 1595, 1490, 1440, 1275, 1005, 900, 740, 695 cm-1 1HNMR (60
MHz) 6 2.60 (s, 4 H), 3.01-3.63 (m, 4 H), 6.73-7.50 (m, 8 H),
7.51-7.87 (m, 2 H) m/z 272 (M, 3.2)f 181 (100).
2-(4-Biphenyl)-2-methyl-1,3-dithiolane (69). According to the
general procedure described above, dithiolane 69' was prepared
from 4-acetyl biphenyl (9.8 g, 50.0 mmol), 1,2-ethanedithiol (4.2
mL, 50.0 mmol) and boron trifluoride etherate.(2 mL, 16.2 mmol)
in chloroform (50 mL) as colorless solid (11.0 g, 81%) mp 78-
80°C (chloroform) IR (KBr) v 3034, 2983, 1604, 1490, 1410, 1281,
1009, 851, 771, 737, 696 cm-1 1HNMR (250 MHz) 8 2.19 (s, 3 H,-
CH3), 3.37-3.54 (m, 4 H, -SCH2CH2S-), 7.34-7.84 (m, 9 H,
aromatic) 13CNMR 6 33.9, 40.5, 68.6, 126.8, 127.2, 127.3, 128.8,
140.2, 140.8, 145.3, 193.2 m/z 272 (M), 271 (M-H), 256, 197
(base peak) exact mass calcd for C16H16S2 272.0693, found
272.0688.
2-(Diphenylmethylene)-1,3-dithiane (86). Dithibacetal 86 was
prepared by the literature procedure163 in 85% yield _mp 130-
131°C, (lit.163 132.8-133.6°C) IR (KBr) v 3063, .2915, 1597,
1534, 1489, 1440, 1417, 1298, 1029, 970, 914, 762, 745, 695, 634
cm-1 1HNMR (60 MHz) 6 1.98 (quint. J= 4 Hz, 2 H), 2.93 (t, J=
4 Hz, 4 H), 7.22 (br s, 10 H) m/z 285 (M+1, 7.4), 284 (M,
3-3-7), 210 (9.31), 73 (base peak).
2-(2-Methylphenyl)-1,3-dithiolane (104),164 According to the
general procedure described above, the reaction of 2-
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methylbenzaldehyde. (.6.0. g, 50.0 mmol), 1, 2-ethanedithiol (4.2 ML,.,
50.0 mmol) and boron trifluoride etherate (1 mL, 8.1 mmol) in
chloroform (100 mL) afforded dithiolane 104 as colorless oil' (9.9
g, 99%) IR (neat) v 3050, 3010, 2910, 1595, 1480, 1455, 1420,
1380, 1270, 1155, 1100, 900, 842, 725 cm-1 1HNMR (60 MHz) b
2.36 (s, 3 H), 2.98-3.60 (m, 4 H), 5.80 (s, 1 H), 7.00-7.33 (m, 3
H)., 7.60-7.86 (m, 1 H) m/z 196 (M, 4.5), 135 (100).
2-(3,5-Dimethylphenyl)-1,3-dithiolane (106). To a solution of
3,5-dimethylbenzaldehyde (7.7 g, 50.0 mmol) in chloroform (100
ML) were added 1,2-ethanedithiol (4.2 mL, 50.0 mmol) and boron
trifluoride etherate (1 mL, 8.1 mmol) by syringes. The reaction
was exothermal, and was stirred for 5 h at room temperature. The
mixture was treated with water (50 mL), extracted with
chloroform, and the organic phase was washed with 10% sodium
hydroxide, water and dried over anhydrous magnesium sulfate.
After evaporation of the solvent, the residue was purified by
chromatography on silica gel and eluted with hexane to remove
1,3,5-trimethylbenzene which is the impurity in the starting
material to afford colorless oil 106 (7.1 g, 68% based. on the
crude aldehyde) IR (neat) v 3004, 2903, 1652, 1594, 1450, 1265,
1220, 1148, 1030, 850, 753 cm-1 1HNMR (60 MHz) 6 2.30 (s, 6 H),
3.12-3.72 (m, 4 H), 5.58 (s, 1 H), 6.90 (br s, 1 H), 7.15 (br s,
2 H) exact mass calcd for C1jH1S7 210.0537, found 210.0533.
2-(4-methoxyphenyl)-1,3-dithiolane (108),165 According to the
general procedure desribed above, dithiolane 108 was prepared
from 4-methoxybenzaldehyde (2.7 g, 20 mmol) and 1,2-ethanedithiol
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(1.7 mL, 21 mmol) in the presence of boron trlfluoride etherate
(0.5 mL, 4.0 mmol) in chloroform as oil (3.5 g, 83%) IR (neat)
v 3036, 2924, 1652, 1599, 1504, 1306, 1256, 1168, 1026, 906, 832,
753, 640, 617 cm-1 1HNMR (60 MHz) 6 3.25-3.50 (m, 4 H), 3.70
(s, 3 H), 5.50 (s, 1 H), 6.75 (d, J= 5.0 Hz, 2 H), 7.27 (d, J=
5.0 Hz, 2 H) m/z 212 (M, 48.7), 135 (100).
2-(3,4-methylenedioxyphenyl)-1,3-dithiolane (110). By employing
the general procedure described above, piperonaldehyde (7.5 g,
50.0. mmol), 1,2-ethanedithiol (4.2 mL, 50.0 mmol) and boron
trifluoride etherate (l, mL, 8.1 mmol) in chloroform*' (100 mL) gave
the residue which was recrystallized from acetone-hexane to
afford a white oily solid 110 (10.5 g, 93%) mp ca. 40°C (lit.166
--) IR (KBr) v 3010, 2915, 1478, 1440, 1248, 1184,
1032, 923, 862, 817, 745, 519 cm-1 1HNMR (250 MHz) 5 3.26-3.50
(m, 4 H, -SCH2CH2S-), 5.58 (s, 1 H, ArCHS-), 5.92 (s, 2 H,-
OCH2O-), 6.69 (d, J= 8.0 Hz, 1 H), 6.91 (dd, J= 1.8 and 8.0 Hz,
1 H) ,F 7.08 (d, J= 1.8 Hz, 1 H) m/z 226 (M, 100).
2,21-(1,4-phenylene)bis-l,3-dithiolane (112) By employing, the
general procedure, the reaction of terephthalaldehyde (6.7 g, 50
mmol), 1,2-ethanedithiol (8.5 mL, 100 mmol) and boron trifluoride
etherate (2 mL, 16.2 mmol) in chloroform (100 mL) gave s112 (13.8
g, 97%) mp 214-50C (chloroform), (lit.167 1980C) IR (KBr) v
3020, 2930, 1610, 1510, 1421, 1382, 859, 810, 725, 682 cm-1
1HNMR (250 MHz) 6 3.29-3.55 (m, 8 H), 5.62 (s, 2 H), 7.47 (s, 4
K) m/z 286 (M, 67.0), 166 (100).
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2,21-(1,2-Phenylene)bis-1,3-dithiolane (114). Phthalaldehyde (6.7
g, 50 mmol) in chloroform (100 mL) was mixed with 1,2-
ethanedithiol (8.5 nL, 100 mmol) and boron trifluoride etherate
(2 mL, 16.2 mmol). The solution was refluxed overnight. After
cooled to room temperature, the mixture was treated as usual to
give 114 (14.0 g, 98%) mp 80-81.5°C (chloroform) IR (KBr) v
3022, 2923, 1601, 1478, 1447, 1430, 1275, 1240, 953, 860, 784,
730, 689, 678 cm-1 1HNMR (250 MHz) 6 3.31-3.56 (m, 4 H),-
SCH2CH2S-), 6.11 (s, 2 H, ArCHS), 7.23-7.27 (m, 2 H, aromatic),
7.77-7.80 (m, 2 H, aromatic) 13CNMR 6 40.3, 52.8, 128.3, 128.9,
137.6 exact mass calcd for C12H14S4 285.9978, found 285.9970
Anal. Calcd for C12H14S4 C, 50.29 H, 4.73. Found: C, 50.34 H,
4.79.
2-(2-Bromophenyl)-1,3-dithiolane (116). According to general
procedure described above, dithioacetal 116..was prepared from o-
bromobenzaldehyde (9.2 g, 49.7 mmol), 1,2-ethanedithiol (4.2 mL,
50 mmol) and boron trifluoride etherate (2 mL, 16.2 mmol) in
chloroform (100 mL). The product was distilled..., to. give.
colorless oil s12 (12.8 g, 95%) bp .120-130C (0.2. mm,
Kugelrohr) IR (neat) v 3045, 2925, 1580, 1460, 1440, 1275, 1020,
840, 740 cm-1 1HNMR (250.MHz) S 3.31-3.50 (m, 4 H, -SCH2CH2S-),
6.05 (s, 1 H, ArCHS-), 7.10 (dt, J= 1.7 Hz and 7.7 Hz, 1 H)
7.30 (dt,' J= 1.2 Hz and 7.7 Hz, 1 H),, 7.52 (dd, J= 1.2 and 7.7
Hz, 1 H), 7.84 (dd, J= 1.7 and 7.7 Hz, 1 H) 13CNMR S 39.8,
55.2, 124.0, 127.7, 129.1, 129.5, 132.8, 140.4 exact mass calcd
for C9H9BrS2 259.9329, found 259.9320.
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2-(4-Chlorophenyl)-1,3-dithiolane (118). By using the general
procedure described above, the dithioacetalization of R-
chlorobenzaldehyde (14.0 g, 100.0 mmol) in chloroform (200 mL)
with 1,2-ethanedithiol (8.5 mL, 101 mmol) and boron trifluoride
etherate (2 mL, 16.2 mmol) gave 118 (18.0 g, 83%) mp 118-9°C
(chloroform), (lit.167 119-C) IR (KBr) v 3035, 2978, 2909,
1593, 1484, 1405, 1280, 1083, 1012, 850, 833, 752, 688 cm-1
1HNMR (250 MHz) 6 3.30-3.53 (m, 4 H, -SCH2CH2S-), 5.59 (s, 1 H,
ArCHS2-), 7.27 (d, J= 8.5 Hz*, 2 H. aromatic), 7.45 (d, J= 8.5
Hz, aromatic) 13CNMR 6 40.3, 55.7, 128.7, 129.4, 133.8, 139.2
m/z 217 (M+1, 23.5), 216 (M, 56.3), 189 (15.9), 153--(base peak).
2-(Phenyl)-1,3-dithiane (137a). By employing the general
procedure for the preparation of dithioacetal, the reaction of
benzaldehyde (10.6 g, 0.1 mol) in chloroform- (150 *mL) and 1,3-
propanedithiol (10 mL, 0.1 mol) in the presence of boron
trifluoride etherate (3 mL, 24.3 mmol) afforded 137a. as solid
(18.5 g, 94%) mp 72-73°C (lit.168 71-72°C) IR (KBr) v 3037,
2937, 1595, 1497, 1482, 1423, 1375, 1272, 908, 882, 724, 692,,670
CM-1 1HNMR (60 MHz) S 1.66-2.31 (m, 2 H), 2.76-3.17 (m, 4 H),.
5.06 (s, 1 H), 7.20-7.66 (m, 5 H) m/z 198 (M+2, 8.9), 197 (M+1,
13.4),r 196 (M, 88.6)f 105 (100).
2-(1-Naphthyl)-1,3-dithiane (137b). According to the general
procedure described above, the reaction of 1-naphtha ldehyde (7.8
g, 50 mmol), 1,3-propanedithiol (4.5 mL, 52 mmol) and boron
trifluoride etherate (1 mL,- 8.1 mmol) in- chloroform. (50 mL)
afforded dithioacetal 137b (11.9 g, 97%) mp 150-2°C (methanol)
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(lit.169 152°C) IR (KBr) v 3052, 2956, 2936, 1599, 1509, 1421,
1275, 1191, 1001, 906, 861, 779, 674 cm-1 1HNMR (250 MHz) 6
2.01-2.24 (m, 2 H), 2.92-3.24 (m, 4 H), 5.91 (s, 1 H), 7.42-7.59
(m, 3 H), 7.78-7.86 (m, 3 H), 8.30 (d, J= 9.4 Hz, 1 H) 13CNMR 6
25.6, 32.8, 48.5, 123.4, 125.6, 125.8, 126.3, 129.0, 130.0,
134.0, 135.2 m/z 246 (M, 4.5), 172 (base peak).
2-(2-Naphthyl)-1,3-dithiane (137c). According to the general
procedure described above, the reaction of 1-naphthaldehyde (3.1
g, 20 mmol), 1,3-propanedithiol (2.1 mL, 21 mmol) and boron
trifluoride etherate (0.5 mL, 4.0 mmol) in chloroform (30 mL)
afforded dithioacetal 137c (4.7 g, 96%) mp 109-110°C (methanol)
(lit.169 115°C) IR (KBr) v 3041, 2928, 1630, 1600, 1503, 1418,
1275, 1183, 894, 862, 814, 775, 757, 471 cm-1 1HNMR (250 MHz) 6
1.86-2.04 (m, 1 H), 2.11-2.22 (m, 1 H), 2.87-3.14 (m, 4 H), 5.32
(s, 1 H), 7.42-7.49 (m, 2 H), 7.55-7.59 (m, 1 H), 7.77-7.83 (m, 3
H), 7.95 (s, 1 H) 13CNMR 6 25.2, 32.1, 51.6, 125.7, 126.3,
126.4, 126.8, 127.6, 128.0, 133.3, 133.3, 136.5 m/z 246 (M,
51.1), 171 (100).
2-(2-Phenylethenyl)-1,3-dithiolane (152). According :to, general
procedure, a chloroform solution (40 mL) of 3-phenyl-2-propenal
(2.64 g, 0.02`mol), 1,2-ethanedithiol (1.8 mL, 0.021 mmol) and a
catalytic amount of boron trifluoride etherate (0.5 mL, 4 mmol)
gave 152 (3.8 g, 91%) mp 54-56°C (chloroform) (lit.167 58°C)
IR (KBr) v 3038, 2933, 1603, 1500, 1450, 1423, 1280, 967, 760,
729, 684, 504 cm-1 1HNMR (60-MHz) 6 3.13-3.50 (m, 4 H), 3.27 (d,
J= 7 Hz, 1 H), 6.13 (dd, J= 7 and 15 Hz, 1 H), 6.53 (d, J= 15
100
Hz, 1 H) m/z 208 (M, 75.0), 115 (100).
2-(1-Methyl-2-phenylethenyl)-1,3-dithiolane (154). By employing
the general procedure for the preparation of dithioacetal, a
mixture of a-methylcinnamaldehyde (7.3 g, 50.0 mmol) and 1,2-
ethanedithiol (4.3 mL, 51.3 mmol) and boron trifluoride etherate
(1.5 mL, 12.1 mmol) in chloroform (50 mL) gave 154 as solid
(10.8 g, 99%) mp 92-4°C (chloroform-methanol) IR (KBr) v 3034,
2928, 1600, 1493, 1281, 1002, 923, 852, 758, 700, 680 cm-1 1HNMR
(250 MHz) 6 2.03 (s, 3 H, =CCH3), 3.23-3.40 (m, 4 H, -SCH2CH2S-),
5.39 (s, 1 H, -CHS), 6.60 (br s, 1 H, PhCH=), 7.21-.7.35 (m, 5 H,
aromatic) 13CNMR 6 14.0, 40.0, 61.6, 126.7, 127.8, 128.1 129.0,
136.4, 137.2 exact mass calcd for C12H14S2 222.0537, found
222.0537.
2-[2-(2-Methoxyphenyl)ethenyl]-1,3-dithiolane (156). By using the
general procedure described above, the reaction of 2-
methoxycinnamaldehyde (4.3 mL, 52.3 mmol), 1,2-ethanedithiol (4.3
ML, 51.3 mmol) and boron trifluoride etherate (1.5 mL) in
chloroform (50 mL) gave 156 as colorless oil (11.5 g, 97%) IR
(neat) v 3008, 2910, 2844, 1606, 1586, 1487, 1462, 1438, 1249,
1050, 1026, 965, 787, 751 cm-1 1HNMR (250 MHz) 6 3.21-3.84 (m, 4
H, -SCH2CH2S-), 3.82 (s, 3 H, -OCH3), 5.25 (d, J= 9.3 Hz, 1 H,-
CHS2-)F 6.23 (dd, J= 9.3 Hz and 15.6 Hz, 1 H, =CHCHS-), 6.83 (d,
J= 15.6 Hz, 1 H, ArCH=), 6.84 (br d, J= 8.8 Hz, 1 H), 6.91 (d,
J= 7.6 Hz, 1 H), 7.17-7.25 (m, 1 H), 7.43 (dd, J= 1.6 and 7.6
Hz, 1 H) 13CNMR 6 39.6, 55.2, 55.6, 111.2, 120.7, 125.2, 125.4,
127.3, 128.9, 129.6, 157.0 exact mass calcd for C12H140S2
238.0486, found 238.0484.
2-[2-(1-Naphthyl)ethenyl]-1,3-dithiolane (158). Using the
procedure described previously, the reaction of 3-(1-naphthyl)-
2-propenal (19) (3.3 g, 17.0 mmol) , 1,2-ethanedithiol (1.5 mL,
18.0 mmol) and boron trifluoride etherate (0.5 mL, 4.1 mmol) in
chloroform (20 mL) afforded 158 (4.4 g, 100%); mp 102-5°C
(chloroform); IR (KBr) v 3042, 2926, 1591, 1507, 1426, 1279, 965,
846, 798, 776, 720, 698 cm1; 1HNMR (250 MHz) S 3.26-3.44 (m, 4
H, -SCH2CH2S-), 5.36 (d, J = 9.0 Hz, 1 H, =CHCHS-), 6.26 (dd, J =
9.0 and 15.2 Hz, 1 H, =CHCHS-), 7.27 (d, J = 15.2 Hz, 1 H,
ArCH=), 7.40-7.54 (m, 3 H), 7.61 (d, J = 7.1 Hz, 1 H), 7.82 (d, J
= 8.1 Hz, 1 H) , 7.81-8.10(m, 2 H) ; 13CNMR S 29.7, 54.7, 123.8,
124.3, 125.6, 125.9, 126.2, 127.3, 128.2, 128.6, 131.2, 132.3,
133 .7, 133.8; exact mass calcd for Ci5Hi4S2 258.0537, found
258.0516.
2-(4-Phenyl-l,3-butadienyl)-1,3-dithiolane (160). According to
the general procedure, the reaction., of 5-phenyl-2,4-pentadienal
(16) (0.8 g, 5 mmol), 1,2-ethanedithiol (0.9 mL, 10.0 mmol) and
boron trifluoride etherate (0.3 mL, 2.4 mmol) in chloroform (5
mL) gave dithioacetal 160 (1.1 g, 94%); mp 123-5°C (chloroform);
IR (KBr) V 3028, 2920, 1597, 1480, 1450, 1430, 1278, 996, 985,
829, 758, 722, 690 cm 1; -HNMR (250 MHz) S 3.20-3.39 (m, 4 H) ,
5.15 (d, J = 9.2 Hz, 1 H) , 5.83 (dd, J = 9.2 and 14.8 Hz, 1 H) ,
6.32 (dd, J = 10.3 and 14.8 Hz, 1 H), 6.52 (d, J = 15.6 Hz, 1 H),
6.73 (dd, J = 15.6 Hz and 10.3 Hz, 1 H) , 7.21-7.39 (m, 5 H) ;
l3CNMR 5 39.6, 54.3, 126.5, 127.7, 128.7, 130.8, 133.0, 133.3,
102
137.3 exact mass calcd for C13H14S2 234.0537, found 234.0536.
(E)-2-(1-Propenyl)-1,3-dithiolane (163).167 By utilizing the
general procedure described above, the reaction of crotonaldehyde
(3.5 g, 50.0 mmol) with 1,2-ethanedithiol (4.3 mL, 51.2 mmol) in
chloroform (50 mL) in the presence of boron trifluoride etherate
(1.5 mL, 12.1 mmol) produced the residue which was purified by
flash chromatography and eluted with hexane to afford 163 (5.8 g,
79%) which exhibited identical spectroscopic properties with
litrature data.167 IR (neat) v 3026, 2965, 2925, 1663, 1450,
1437, 1378, 1322, 1250, 960, 921, 852, 818, 742 cm-1 1HNMR (250
MHz) 6 1.68 (d, J= 5.7 Hz, 3 H, =CHCH3), 3.16-3.40 (m, 4 H,-
SCH2CH2S-), 5.03 (d, J= 8.6 Hz, 1 H, -CHS-), 5.52 (dd, J= 10.5
and 8.6 Hz, 1 H, CH3CH=CH-), 5.65 (dq, J= 10.5 and 5.7 Hz,
CH3CH=) 13CNMR 6 17.2, 39.6, 54.4, 126.8, 131.0 m/z 146 (M,
46.0), 85 (base peak).
2-[(lE) and (1Z)-2,6-dimethyl-1,5-heptadienyl]-1,3-dithiolane
(165).14 According to the general ..procedure, the reaction of
citral (7.6 g, 49.9 mmol), 1,2-ethanedithiol (4.3 mL, 51.2 mmol)
and boron trifluoride etherate (1.5 mL, 12.1 mmol) in chloroform
(50 mL) afforded the residue which was purified by flash column
chromatography eluting with hexane to yield 165 (11.0 g, 96%) IR
(neat) v 2970, 2922, 1660, 1450, 1381, 1278, 1112, 849, 757 cm-1
1HNMR (250 MHz) 6 1.55 (E) and 1.58 (Z) (s, 3 H, E/Z= 64/36),
1.64-1.71 (m, 6 H), 1.93-2.10 (m, 4 H), 3.14-3.36 (m, 4 H), 5.00-
5.12 (m, 1 H), 5.21-5.36 (m, 2 H) 13CNMR 6 16.4, 17.7, 23.4,
25.7, 26.3, 26.6, 32.2, 39.6, 39.6, 49.8, 50.1, 123.6, 123.8,
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124.1, 125.1, 131.7, 132.2, 138.0, 138.2 m/z 230 (M+2, 0.52),
229(M+1, 0.68), 228 (M, 3.67), 159 (43.4)t 41 (100).
3,3-Bis(ethylthio)-1-phenyl-l-propene (167).170 The reaction of
cinnamaldehyde (3.3 g, 25.0 mmol) and ethanethiol (3.8 mL, 52.0
mmol) in chloroform (30 mL) in the presence of boron trifluoride
etherate (1 mL, 8.1 mmol) afforded the residue which was purified
by flash chromatography (elutent: hexane) to afford 167 (4.5 g,
76%) IR (neat) v 3032, 2988, 2949, 1603, 1494, 1457, 1376,
1266, 962, 772, 688 cm-1 1HNMR (60 MHz) 6 1.25 (t, J= 7.5 Hz, 6
H), 2.63 (q, J= 7.5 Hz, 4 H) r 4.48 (d, J= 8 Hz, 1H), 6.07 (dd,
J= 8.0 and 15.5 Hz, 1 H), 6.52 (d, J= 15.5 Hz, 1 H), 7.08-7.48
(m, 5 H) m/z 238 (M, 0.45), 115 (base peak).
(E)-2-(2-phenylethenyl)-1,3-dithiane (168).167 According to the
general procedure, the dithioacetalization of cinnamaldehyde
(2.6 g, 20.0 mmol) with 1,3-propanedithiol (2.1 mL, 20.9 mmol) in
chloroform (30 mL) in the presence of boron trifluoride etherate
(0.5 mL, 4.0 mmol) was carried out to give the residue which was
purified by flash chromatography and eluted with hexane to afford
168 (4.6 g, 97%) IR (neat) v 3030, 2940, 1605, 1500, 1429, 1280,
1175, 965, 912, 767, 695 cm-1 1HNMR (60 MHz) 6 1.60-2.20 (m, 2
H), 2.73-3.00 (m, 4 H), 4.75 (d, J= 7 Hz, 1 H) f 6.17 (dd, J= 7
and 16 Hz, 1 H), 6.72 (d, J= 16 Hz, 1 H), 7.08-7.45 (m, 5 H)
m/z 224 (M+2, 3.2), 222 (M, 32.0), 147 (base peak).
(E)-2-(2-Phenyl-l-propenyl)-1,3-dithiolane (183). By employing
the general procedure for the preparation of dithioacetal, the
reaction of (E) -3-phenyl-but-2-enal (400 mg, 2.7 mmol), 1,2-
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ethanedithiol (0.5 mL, 5.9 mmol) and boron trifluoride etherate
(0.1 mL, 0.8 mmol) in chloroform (5 mL) was performed to give 183
(590 mg, 970) IR (neat) v 3040, 2930, 1635, 1609, 1493, 1445,
1427, 1382, 1278, 1027,872, 780, 692 cm-1 1HNMR (250 MHz) 6 2.11
(d, J= 1.4 Hz, 3 H), 3.23-3.44 (m, 4 H), 5.52 (d, J= 10.1 Hz, 1
H), 5.89 (br d, J= 10.1 Hz, 1 H), 7.24-7.41 (m, 5 H) 13CNMR 6
16.1, 39.7, 50.4, 126.0, 127.3, 127.6, 128.3, 136.3, 142.6 exact
mass calcd for C12H14S2 222.0537, found 222.0538.
(Z)-2-(2-Phenyl-l-propenyl)-1,3-dithiolane (186). According to
the general procedure,. the reaction of (Z)-3-phenyl-but-2-enal
(350 mg, 2.4 mmol), 1,2-ethanedithiol (0.5 mL, 5.9 mmol) and
boron trifluoride etherate (0.1 mL, 0.8 mmol) in. chloroform (5
ML) was carried out to give 186 .(530 mg, 98%) IR (neat) v 3029,
2981, 2948, 1643, 1601, 1496, 1449, 1360, 1278, 1025, 863, 849,
767, 699 cm-1 1HNMR (60 MHz) 6 2.00 (br s, 3 H), 2.80-3.57 (m, 4
H), 5.01-( d, J= 10 Hz, 1 H), 5.58 (br s, J= 10 Hz, 1 H), 7.01-*
7.60 (m, 5 H) exact mass calcd for C12H14S2 222.0537, found
222.0539.
5.3.2 From Alkylation of Dithiane Anion
General Procedure for the Alkylation of Dithiane Anions.
Trimethyl(2-phenyl-1,3-dithian-2-yl)silane (138a).110 A two-
necked flask fitted with a nitrogen inlet and a septum containing
2-phenyl-1,3-dithiane (1.96 g, 10 mmol) in THE (40 mL) was cooled
to -50°C. n-Butyllithium (1.65 M in hexane, 6.5.mL, 10.7 mmol)
was added through a syringe with stirring over a period of 5
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min. The bath temperature was allowed to raise to -30°C (30 min).
Chlorotrimethylsilane (1.5 mL, 11.0 mmol) was then added via a
syringe. The mixture was gradually warmed to room temperature
with stirring (ca. 2 h) and then quenched with water (20 mL). The
aqueous layer was extracted with ether (2x50 mL). The combined
organic layers were washed with water (2x3 O mL), brine (30 mL),
and dried over anhydrous sodium sulfate. After filtration, the
solvent was removed in vacuo to afford 138a (2.4 g, 90%) mp
94.5-95°C (methanol) (lit.110 94.4-94.8°C) IR (KBr) v 3062,
2970, 2921, 1592, 1482, 1242, 1034, 1024, 867, 736, 705 cm-1
1HNMR (60 MHz) 8 0.07 (s, 9 H), 1.70-3.13 (m, 6 H), 7.07-7.48 (m,
3 H), 7.72-8.00 (m, 2 H) m/z 268 (M, 10.2), 195 (100), 73
(Me3Si-, 68.3).
2-Phenyl 2-allyl-l,3-dithiane (43).171 According to the general
procedure described above, 2-phenyl-l,3-dithiane (1.9 g, 9.7
mmol) in tetrahydrofuran (50 mL) was allowed to react with n-
butyllithium (1.15 M in hexane, 8.7 mL, 10.0 mmol) and then allyl
bromide (0.9 mL, 11.0 mmol) to afford the residue, which was
purified with flash chromatography and eluted with hexane to.give
43 (2.1 g, 92%) IR (neat) v 3050, 2900, 1638, 1590, 1482, 1425,
1275, 1030, 985, 905, 698 cm-1 1HNMR (60 MHz) 6 1.77-2.18 (m, 4
H), 2.53-2.87 (m, 4 H), 4.76-5.20 (m, 2 H), 5.27-5.95 (m, 1 H)-
7.10-7.56 (m, 3 H), 7.73-8.00 (m, 2 H) m/z 237 (M+1, 1.94), 236
(M, 9.30), 195 (base peak).
2-Phenyl 2-(trimethylsilylmethyl)-1,3-dithiane (134) According
to the general procedure described above, the reaction of 2-
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phenyl-l,3-dithiane (0.98 g, 5.0 mmol) in THE (30 mL) with n-
butyll ithium (2.5 M in hexane, 2.3 mL, 5.7 mmol) followed by the
alkylation with (chloromethyl)trimethylsilane (0.8 mL, 5.7 mmol)
was performed to afford the residue which was crystallized on
standing to give 134 as needle (1.35 g, 96%) mp 63-6°C
(methanol) IR (KBr) v 3020, 2958, 1598, 1489, 1442, 1390, 1041,
909, 850, 761, 750, 687 cm-1 1HNMR (250 Hz) 6 -0.21 (s, 9 H),
1.59 (s, 2 H), 1.88-1.75 (m, 2 H), 2.57-2.78 (m, 4 H), 7.21-7.39
(m, 3 H), 8.13-8.17 (m, 2 H). 13CNMR 6 -0.1, 24.6, 28.5, 36.9,
57.1, 126.7, 128.3, 128.5, 143.3 exact mass calcd for C14H22S2Si
282.0932, found 282.0919.
2-(l-Naphthyl)-2-trimethylsilyl-1,3-dithiane (138b) According to
the general procedure, the reaction of 2-(1-naphthyl)-l,3-
dithiane (137b) (2.46 g, 10 mmol) in THE (40 mL) with n-
butyllithium (1.65 M in hexane, 6.5 mL, 10.7 mmol) and then
with chlorotrimethylsilane (1.5 mL, 11.8 mmol) afforded the
residue which was purified with flash chromatography and eluted
with hexane to give 138b (3.0 g, 95%) mp 103-4°C (methanol) IR
(KBr) v 3060, 2960, 1600, 1570, 1510, 1393, 1351, 1011, 9131.847,
781, 762, 427 cm-1, 1HNMR (250 MHz) 6 0.13 (s, 9 H), 1.78-2.15
(m, 2 H), 2.48-2.56 (m, 2 H), 2.76-2.87 (m, 2 H), 7.35-7.52 (m, 3
H), 7.75 (d, J= 8.0 Hz, 1 H), 7.84 (dd, J= 2.8 and 5.8 Hz 1 H).,
8.40 (dd, J= 1.2 and 7.1 Hz, 1 H), 9.48 (d, J= 8.7 Hz, 1 H)
13CNMR 6 -1.8, 24.8, 26.3, 51.2, 123.5, 125.1, 128.1, 128.6,
128.9, 131.8, 132.7, 135.3, 135.6 exact mass calcd for
C17H22S2Si 318.0932, found 318.0940. Anal. Calcd'for C17H22S2Si:
C, 64.08 H, 6.96. Found: C, 64.24 H, 6.80.
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2-(2-Naphthyl)-2-trimethylsilyl-l,3-dithiane (138c) According to
the general procedure described above, the reaction of 2-(2-
naphthyl)-1,3-dithiane (137c) (2.46 g, 10 mmol) in
tetrahydrofuran (40 mL) with n-butyllithium (1.65 M in hexane,
6.5 mL, 10.7 mmol) and chlorotrimethylsilane (1.5 mL, 11.0 mmol)
produced the residue which was purified with flash chromatography
and eluted with hexane to give dithiane 138c (2.9 g, 92%) mp
158-160°C (methanol) IR (KBr) v 3060, 2940, 2908, 1597, 1503,
1251, 1007, 922, 849, 749, 479 cm-1 1HNMR (250 MHz) 6 0.10 (s, 9
H), 1.84-2.07 (m, 2 H), 2.42-2.50 (m, 2 H), 2.74-2.86 (m, 2 H),
7.43-7.51 (m, 2 H), 7.82-7.89 (m, 3 H), 8.06 (d, J= 1.9 Hz, 1
H), 8.09 (d, J= 2.0 Hz, 1 H), 8.36 (d, J= 1.9 Hz, 1 H) 13CNMR
25.3, 47.8, 125.6, 125.9, 127.3, 127.7, 127.8, 128.1, 128.7,
131.5, 133.8, 138.3 exact mass calcd for C17H22S2Si 318.0932,
found 318.0919 Anal. Calcd for C17H22S2Si: C, 64.08 H, 6.96.
Found: C, 63.82 H, 6.91.
5.4 Sulfides and Thiols
(1,1-Diphenyl)ethyl ethyl sulfide (67). A mixture of
diphenylmethane (8.4 g, 50.0 mmol), N-bromosuccinimide (9.0 g,
50.6 mmol),and a catalytic amount of benzoyl peroxide-(ca. 50 mg,
0.2 mmol) in tetrachloromethane (50 mL) was refluxed for 5 h.
The reaction mixture was cooled and filtered. The filter cake was
washed with tetrachloromethane (2x20 mL). The combined filtrate
was concentrated to give diphenylmethyl bromide which was used
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for the next-reaction without further purification.
To a suspension of sodium hydride washed with hexane (1.6 g,
80%, 53 mmol) in ether (80 mL) was added ethanethiol (3.8 mL, 2.6
g, 50 mmol) in ether (20 mL) dropwise. The cloudy mixture was
stirred for another 1 h at room temperature. To this mixture was
added diphenylmethyl bromide in ether (30 mL). The mixture was
stirred for 4 h, and then treated with 10% sodium hydroxide (100
mL). The aqueous layer was extracted with ether (2x50 mL). The
combined ether solutions were-washed with water, brine, and dried
over anhydrous magnesium sulfate. After removal of the solvent,
the residue was chromatographed on silica gel and eluted with
hexane to give (1,1-diphenyl)methyl ethyl sulfide as colorless
oil (8.3 g, 73%) IR (neat) v 3063, 3031, 2977, 1601, 1496, 1445,
1380, 1032, 751, 706, 612 cm-1 1HNMR (60 MHz) .5 1.17 (t, J= 7
Hz, 3 H), 3.36 (q, J= 7 Hz, 2 H), 5.13 (s, 1 H), 7.00-7.55 (m,
10 H) exact mass calcd for C15H16S 228.0972, found 228.0967.
A two-necked flask fitted with a nitrogen inlet and a
septum containing (1,1-diphenyl)methyl ethyl sulfide (1.0 g, 4.4
mmol) in THE (10 mL) was cooled to -40°C. n-Butyllithium (1.3 M
in hexane, 4.0 mL, 5.2 mmol) was added via'a syringe.-The mixture
was warmed to -30°C over a period of 15 min with stirring. Methyl
iodide (0.5 mL, 8.0 mmol) was added in one portion and the
mixture was stirred for 2 h at -30°C, and then warmed to room
temperature. The solution was diluted with ether (50 mL), washed
with water, brine, and dried over anhydrous sodium sulfate. The
evaporation of the solvent left the -residue which was
chromatographed on silica gel and eluted with hexane to yield 67
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(0.86 g, 81%) IR (neat) v 3063, 3034, 2979, 2931, 1663, 1601,
1497, 1454, 1318, 1280, 1063, 1030, 764, 753, 700 cm-1 1HNMR
(60 MHz) 8 1.08 (t, J= 7 Hz, 3 H), 2.06 (s, 3 H), 2.28 (q, J= 7
Hz, 2 H), 7.00-7.55 (m, 10 H) exact mass calcd for C16H18S
242.1129, found 242.1123.
1-(4-Biphenyl) ethyl methyl sulfide (68). Sulfide 68 was prepared
according to a modified procedure reported by Wilson.12 To a
solution of 2-(4-biphenyl)-2-methyl-l,3-dithiolane 69 (178 mg,
0.65 mmol) in benzene (5 mL) was added methyllithium (0.2 M in
hexane, 10 mL, 2.0 mmol) via a syringe. The solution turned
yellow, and was refluxed for 4 h. Then methyl iodide (0.5 mL, 8.0
mmol) was introduced. The solution was refluxed for a further 3
h, and was treated with water (50 mL). The aqueous layer was
extracted with ether (2x20 mL). The organic layer was washed with
water, dried over anhydrous magnesium sulfate. After evaporation
of the solvent, the residue was chromatographed on silica gel and
eluted with hexane to give 68 (105 mg, 71%) mp 78-81°C
(methanol) IR (KBr) v 3040, 2864, 2915, 1603, 1484, 1445, 1410,
1372, 1120, 1055, 1005, 957, 834, 760, 738, 687 cm-1 1HNMR (60
MHz) 6 1.62 (d, J= 7 Hz, 3 H) r 1.97 (s, 3 H), 3.90 (q, J= 7 Hz,
1 H), 7.40-7.93 (m, 9 H) exact mass calcd for C15H16S 228.0972,
found 228.0972.
Preparation,of thiol 70 from the reaction of dithioacetal 69 with
tributyltin hydride.10 A mixture of dithiolane 69 (0.5 g, 1.84
mmol), tributyltin hydride (0:7 g, 2.41 mmol) and. small amount of
benzoyl peroxide (10 mg, 0.04 mmol) was heated at 80-90°C for 3
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hr. The mixture was separated by a flash chromatography (eluting
with-hexane) to give colorless oil 70 (0.23 g, 33%) IR (neat) v
3034, 2910, 1595, 1480, 1455, 1420, 1380, 1270, 1155, 1100, 900,
842, 725 cm-1 1HNMR (60 MHz) 8 1.56 (d, J= 7 Hz, a thiol
proton is embodied, 4 H) 2.42-2.72 (m, 4 H), 3.98 (q, J= 7 Hz,
1 H), 7.15-7.72 (m, 9 H) exact mass calcd for C16H18S2 274.0844,
found 274.0846.
Preparation of 3-ethylthio-l-phenyl-4-trimethylsilyl-but-i-ene
(176) To a mixture of cinnamyl ethyl sulfide (1.0 g, 5.6 mmol) in
THE (20 mL) at -78°C was added n-butyllithium (1.6 M, 3.6 mL,
5.8 mmol) over 10 min. The mixture was stirred for additional 30
min, then (chloromethyl)trimethylsilane (0.8 mL, 5.8 mmol) in THE
(10 mL) from an addition funnel over 20 min. The flask was warmed
to room temperature over 1 hr and stirred overnight. The mixture
was treated with water (10 mL), and the aqueous layer was
extracted with ether (2x40 mL). The combined organic layer was
washed with brine (20 mL) and dried over anhydrous sodium
sulfate. The solvent was removed in vacuo to give the residue
which was distilled to give 176 (1.3 g, 89%) bp 100-102°C (0.15
mm, Kugelrohr) IR (neat) v 3035, 2960, 1600, 1450, 1249, 1215,
962, 859, 837, 749, 690 cm-1 1HNMR (250 MHz) 6 0.03 (s, 9 H),
0.93-1.07 (m, 2 H), 1.21 (t, J= 7.4 Hz, 3 H), 2.34-2.52 (m, .2
H), 3.46-3.56 (m, 1 H), 5.93 (dd, J= 9.7 and 15.7 Hz, 1 H), 6.28
(d, J= 15.7 Hz, 1 H), 7.19-7.39 (m, 5 H) 13CNMR 6 -0.7, 14.7,
23.6, 25.2, 44.7, 126.4, 127.4, 128.6, 128.8, 133.4, 137.0 exact
mass calcd for C15H24SSi 264.1368, found 264.1373.
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5.5 Olefination of Dithioacetal
Reaction of 2,2-diphenyl-1,3-dithiolane (20) with methylmagnesium
iodide (21) in the presence of NiBr2.DME (22) and Ph3P.
Dithioacetal 20 (246 mg, 0.95 mmol), 22 (15 mg, 0.06 mmol) and
triphenylphosphine (30 mg, 0.11 mmol) were mixed in a flask. The
reaction flask was evacuated, filled with nitrogen, and benzene
(5 mL) was introduced by a syringe. The flask was immersed in an
ice bath. To the stirred mixture was then syringed Grignard
reagent 21 (3 mL, 1.0 M in ether, 3 mmol). The resulting mixture
was stirred for 16 h and quenched with saturated ammonium
chloride (20 mL)..The organic layer was separated and the aqueous
portion was extracted with ether (2x30 mL). The combined organic
solution was washed with aqueous sodium hydroxide (10%, 2x10 mL))
and water, and then dried over anhydrous sodium sulfate and
filtrated. After evaporation of the filtrate in vacuo, the
residue was chromatographed on silica gel and eluted with hexane
to give colorless oil 23 (126 mg, 68%)172 IR (neat) v 3050,
3025, 1653, 1597, 1440, 1317, 1275, 1021, 900, 770, 698 cm-1
1HNMR (60 MHz) 6 5.35 (s, 2 H), 7.20 (s, 10 H) m/z 180 (M,
23-3),, 77 (base peak).
General procedure for the nickel-catalyzed coupling reaction of
dithioacetal with simple alkyl Grignard reagent. Dithioacetal and
a catalytic amount of dichlorobis(triphenylphosphine)nickel 10
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(5-10 mol%) were placed in a flask equipped with a stirring bar
and a septum. The reaction flask was evacuated, filled with
nitrogen, and benzene was introduced by a syringe. The flask was
immersed in an ice bath. To the stirred mixture was then syringed
the Grignard reagent (3-.4 equiv in ether). The resulting mixture
was stirred for a given period of time and quenched with
saturated ammonium chloride. The organic layer was separated and
the aqueous portion was extracted with ether. The combined
organic solution was washed with aqueous sodium hydroxide (10%)
and water, and then dried over anhydrous sodium sulfate and
filtrated. After evaporation of the filtrate in vacuo, the
residue was chromatographed on silica gel (elution with hexane
unless otherwise stated) to give the alkylated product.
Reaction of 2,2-diphenyl-1,3-dithiolane (20) with methylmagnesium
iodide (21). Following the general procedure, a mixture of
dithioacetal 20 (253 mg, 0.98 mmol), NiC12(PPh3)2 (42 mg, 0.06
mmol) and 21 (1 M,. 3 mL, 3 mmol) in benzene (5 mL) was stirred
for 18 h to give 1,1-diphenylethylene (23) (124 mg, 70%) which-
showed identical spectroscopic data with those of the-authentic
sample.
NiCl2(dppe) (24) catalyzed reaction of 2,2-diphenyl-l,3-
dithiolane (20) with methylmagnesium iodide (21). In a similar
manner as described in the general procedure, dithioacetal 20
(288 mg, 1.1 mmol) and dichloro[1,2-bis-(diphenylphosphino)-
ethane]nickel (24) (25 mg, 0.04 mmol) in benzene (5 mL) was
allowed to react with 21 (3 mL,, 3 mmol) to afford 1',1-
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diphenylethene 23 (74 mg, 37%) which showed identical spectro-
scopic data with those of the authentic sample.
NiCl2(dppp) (25) catalyzed reaction of dithioacetal 20 with
methylmagnesium iodide (21). According to the general procedure a
mixture of dithioacetal 20 (250 mg, 0.97 mmol) and dichloro[1,3-
bis(diphenylphosphino) propane] nickel (25) in benzene (5 mL) was
allowed to react with 21 (3 mL, 3 mmol) to afford 1,1-
diphenylethene (23) (89 mg, 51%) which showed the identical
spectroscopical properties with those of the authentic sample.
Attempt for the palladium-catalyzed reaction of 2,2-diphenyl-1,3-
dithiolane (20) with methylmagnesium iodide (21). Dithioacetal 20
(121 mg, 0.47 mmol) and the
dichlorobis(triphenylphosphine)palladium (27) (25 mg, 0.036 mmol)
were mixed in a flask. The mixture was dissolved in benzene (2
ML). The Grignard reagent 21 (2 mL, 2 mmol) was added via a
syringe. The yellow solution immediately became colorless. The
reaction was monitored by TLC after stirring for overnight. No
new spots appeared on TLC. The reaction was warmed to reflux for
ca. 20 h. TLC showed no products. After the usual workup,
dithioacetal 20 was recovered (87 mg, 72%).
Reaction of 2,2-diphenyl-1,3-dithiolane (20) with ethylmagnesium
bromide. According to the general procedure described above a
mixture of dithioacetal 20 (243 mg, 0.94 mmol), NiC12 (PPh3) 2 (33
mg, 0.05 mmol) and the ethyl Grignard reagent (L M in ether, 3
ML, 3 mmol) in benzene (5 mL) was stirred at room temperature for
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15 h to afford 1,1-diphenylpropene (28) (143 mg, 78%)173 IR
(neat) v 3050, 3020, 2900, 1650, 1592, 1490, 1438, 1270, 1063,
1023, 918, 838, 750, 695 cm-1 1HNMR (60 MHz) 6 1.69 (d, J= 7
Hz, 3 H), 6.08 (q, J= 7 Hz, 1 H), 6.91-7.63 (m, 10 H) m/z 195
(M+1, 16.5), 194 (M,' 100.0), 193 (58.8), 179 (30.6), 117 (16.2),
91 (16.7).
Reaction of 2,2-diphenyl-1,3-dithiolane (20) with n-
butylmagnesium bromide. According to the general procedure a
mixture of dithioacetal 20 (252 mg, 0.98 mmol), NiC12(PPh3)2 (10)
(49 mg, 0.07 mmol) in benzene (5 mL) was allowed to-react with n-
butylmagnes ium bromide (1 M Lin ether, 3 mL, 3 mmol) for 16 h to
give 1 1-diPheny1-1-pentene (29) (183 mg 84%) 174a IR (neat) v
3051, 2931, 1650, 1597, 1495, 1440, 1310, 1270, 940, 920, 741,
700 cm-1 1HNMR (60 MHz) 8 0.88 (t, J= 7 Hz, 3 H), 1.07-1.93 (m,
2 H), 2.07 (dt, J= 7.5 Hz, J= 5 Hz, 2 H), 6.05 (t, J= 7.5 Hz, 1
H), 6.95-7.65 (m, 10 H) m/z 223 (M+1, 8.8), 222 (M, 46.7), 193
(100.O) j 178 (23.5)f 165 (15.8), 115 (67.9), 91 (32.7).
Reaction of 2-(2-naphathyl)-1,3-dithiolane (30) with
methylmagnesium iodide (21). According to the general procedure
described above, a mixture of dithioacetal 30 (235 mg, 1.01 mmol)
and NiCl2 (PPh3) 2 (10) (31 mg, 0.05 mmol) in benzene (5 mL) was
allowed to' react with 21 (3 mL, 3 mmol) to afford 1-(2-
naphthyl)ethene (124 mg, 80%) mp 63-65°C (ethanol) (lit.174b
66°C) IR (KBr) 3024, 2987, 1602, 1322, 1212, 980, 854, 745 cm-1
1HNMR (60 MHz) 5.30 (br d, J 10 Hz, 1 H), 5.95 (br d, J= 18
Hz, 1 H), 6.87 (dd, J= 10, 18 Hz, 1 H), 7.18-7.92 (m, 7 H) m/z
154 (M, 6.7), 127 (base peak).
115
Reaction of dimethylindanone dithioacetal 32 with methylmagnesium
iodide (21). According to the general procedure described above,
a mixture of dithioacetal 32+ (251 mg, 1.06 mmol) and
NiCl2(PPh3)2 (10) (59 mg, 0.09 mmol) in benzene (5 mL) was
allowed to react with 21 to give olefin 33 (131 mg, 78%): IR
(neat) v 3034, 2862, 1631, 1584, 1324, 1161, 1005, 886, 771, 723
cm-1 1HNMR (250 MHz) 6 1.22 (s, 6 H), 2.82 (s, 2 H), 4.92 (s, 1
H), 5.44 (s, 1 H), 7.18-7.20 (m, 3 H), 7.45-7.49 (m, 1 H) 13CNMR
29.4, 42.6, 47.1, 100.9, 121.1, 125.3, 126.5, 128.5, 140.4,
143.5, 160.1 exact mass calcd for C12H14 158.1085, found
158.1080.
+ Dithioacetal 32 was kindly supplied by Mr. L. L. Yeung.
Reaction of 2-benzyl-2-phenyl-1,3-dithiolane (40) with
methylmagnesium iodide (21). By using the general procedure, a
mixture of dithioacetal 40 (260 mg, 0.95 mmol), NiCl2(PPh3)2 (10)
(32 mg, 0.05 mmol) and 21 (3 mL, 3 mmol) in benzene (5 mL) was
allowed to stir overnight to yield a mixture of two olefins (E)-
1,2-diphenylpropene 41 and 2,3-diphenylpropene 42 (73 mg, 83%).
The ratio of 41/42 was 2:1 based on the integrations of the NMR
spectrum. The two olefins of the mixture were separated by the
preparative layer chromatography using hexane as the mobile
phase.
For 41175 Rf 0.9 IR (neat) v 3052, 2951, 1599, 1496,
1442, 1361, 1072, 908, 753, 700 cm-1 1HNMR (60 MHz) 6 2.20 (d,
J= 2 Hz, 3 H), 6.75 (q, J= 2 Hz, 1 H), 7.03-7.5.6 (m, 10 H) m/z
195 (M+1, 7.4)f 194 (M, 100.0), 177 (25.3), 103 (10.6), 91 (7.0).
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For 42176 Rf 0.75 IR (neat) v 3050, 2951, 1590, 1489,
1360., 1077, 755, 698 cm-1 1HNMR (60 MHz) 8 3.77 (br s, 2 H),
4.95 (br s, 1 H), 5.42 (br s, ,l H), 7.04-7.55 (m, 10 H) m/z 195
(M+1, 8. 6), 194 (M, 100), 91 (67.3).
Reaction of tetralone dithioacetal (46) with methylmagnesium
iodide (21). According to the general procedure, a mixture of
dithioacetal 46 (117 mg, 0.53 mmol), NiCl2 (PPh3) 2 (10) (35.2 mg,
0.054 mmol) and 21 (1 M in ether, 2 mL, 2 mmol) in benzene (1 mL)
were stirred for 15 h to afford 1,2-dihydro-4-methylnaphthalene
(47) (46 mg, 60%)177 IR (neat) v 3035, 2950, 1582, 1239, 1204,
978 cm-1 1HNMR (60 MHz) 1.93-2.93 (m,,' 7 H, embodied a broad
singlet at 2.01), 5.62-5.90 (m, 1 H), 7.00-7.30 (m, 4 H) m/z 145
(M+1, 7.1), 144 (M, 55.0), 129 (M-CH3, 100.0), 115 (14.7) exact
mass calcd for C11H12 144.0939, found 144.0946.
Reaction of indanone dithioacetal 48 with methylmagnesium iodide
(21). According to the general procedure described above, a
mixture of dithioacetal 48 (210 mg,, 1.0 mmol), NiC12(PPh3)2 10
(30 mg, 0.05 mmol) and 21 (1 M in ether, 4.0 mL,. 4.0 mmol) in
benzene (2 mL) was stirred overnight to give 3-methyl-lH-indene
(49) (90 mg, 69%)178 IR (neat) v 3030, 2946, 1582, 1238, 978,
763 cm-1 1HNMR (60 MHz) 8 2.03-2.30 (br s, 3 H), 3.10-3.43 (br
s, 2 H), 6.10 (br s, 1 H) 6.93-7.53 (m, 4 H) m/z 131 (M+1,
14.1), 130 (.M, 100.0), 115 (M-CH3, 50.1), 77 (11.4)
The reaction of 1,1-diphenylethyl ethylsulfide with
methylmagnesium iodide (21) in THF: A mixture of 1,1-
diphenylethyl ethylsulfide (142 mg, 0.59 mmol) and NiC12(PPh3)2
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(20.4 mg, 0.03 mmol) was evacuated and filled with nitrogen. The
mixture was dissolved in THE (5 mL) and methylmagnesium iodide (2
mL, 2 mmol) was added via a syringe. The mixture was refluxed
overnight. The reaction was monitored with TLC. After the usual
workup (treated with saturated ammonium chloride, extraction,
washed with 10% sodium hydroxide) and chromatographic
purification, 1,1-diphenylethene (23) was obtained (43 mg, 41%)
which showed identical spectroscopic data with those of the
authentic sample.
Reaction of sulfide s24 with methylmagnesium iodide (21) in the
presence of NiCl2(PPh3)2 (10). Sulfide s24 (45.4 mg, 0.20 mmol)
and NiC12(PPh3)2 (9.7 mg, 0.015 mmol) were dissolved in benzene
(2 mL), then 21 was added to above solution at 0°C. The reaction
was refluxed for 3 days. After the usual work-up the sulfide s24
was recovered (42 mg, 93%).
Reaction of thiol 70 with methylmagnesium iodide '(21) in the
presence of NiC12 (PPh3) 2) (10). According- to. the general
procedure described above, the reaction of.thiol 70 (66.6 mg,
0.24 mmol) with 21 (1 mL, 1 mmol) in the presence of nickel
catalyst 10 (10.5 mg, 0.016 mmol) in benzene (2 mL) was refluxed
overnight to afford olefin 71 (13.5 mg, 31%) and a dimeric
product 72 (14.7 mg, 33%).
For 71 Rf 0.69 mp 47-51°C IR (KBr) v 3038, 2970, 1628,
1605, 1485, 1402, 1262, 991, 904, 841, 767, 732, 687 cm-1 1HNMR
(60 MHz) 6 5.22 (br d, J= 10 Hz, 1 H), 5.72 (br d, J= 18 Hz, 1
H) j, 6.73 (br dd, J= 10 and 18 Hz, 1 H), 7.18-7.75* (m, 9 H) m/z
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181 (M+1, 43.1), 180 (M, base peak), 154 (36.4).
For 72 72 is a pair of diastereoismers in a ratio of 66/34
Rf 0.12 IR (KBr) v 3036, 2874, 2955, 1600, 1486, 1451, 1409,
1060, 1005, 835, 762, 725, 687 cm-1 1HNMR (250 MHz) major isomer
showed absorptions at 6 1.33 (d, J= 5.5 Hz, 6 H), 3.00-3.17 (m,
2 H) minor isomer showed absorptions at 6 1.10 (d, J= 5.2 Hz,
6 H), 2.70-2.95 (m, 2 H) absorptions of the aromatic protons
showed at 6 7.10-7.64 (m, 9 H) m/z 364 (M, 0.23), 181 (base
peak).
Trap of 1,2-ethanedithiol in the reaction of dithioacetal 20 with
methylmagnesium iodide (21). The mixture of dithioacetal 20 (285
mg, 1.10 mmol) and the Grignard reagent 21 (4 mL, 4 mmol) in
benzene (5 mL) in the presence of NiCl2(PPh3)22 (10) (60 mg, 0.09
mmol) was refluxed for 10 h. The mixture was treated with aqueous
sodium hydroxide (10%, 5 mL) and then benzyl bromide (400 mg, 2.3
mmol). The solution was heated to ref lux for 4 h, then treated
with water (10 mL). The aqueous layer was extracted with ether
(2x20 mL). The combined organic layers were washed with sodium
hydroxide (10%, 10 mL) and water (2x20 mL) dried over anhydrous
sodium sulfate. After evaporation of the solvent in vacuo, the
residue was chromatogrphed on silica gel eluting with 10% ethyl
acetate in hexane to give 1,2-bis(benzylthio)ethane (75) (129 mg,
47%)179 IR (neat) v 3031, 1600, 1494, 1452, 1241,f 1196, 1070,
1028, 768, 697 cm-1 1HNMR (60 MHz) 2.53 (S, 4 H), 3.63 (s, 4 H),
7.20 (s, 10 H) m/z 276 (M+2,. 0.5), 274 (M, 4.4), ,.91 (base peak).
Reaction of 2,2-diphenyl-1,3-dithiolane (20) with i-
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propylmagnesium bromide. By employing the general procdure
depicted above, a mixture of dithioacetal 20 (262 mg, 1.01
mmol), NiCl2(PPh3)2 (10) (36 mg, 0.05 mmol) and i-propylmagnesium
bromide (1 M, 3 ml, 3 mmol) benzene (5 mL) was stirred overnight
at room temperature to afford 1,1-diphenyl-2-methylpropene (77)
and 1,1-diphenyl-2-methylpropane or 1,1'-(2-methyipropylidene)-
bis-benzene (78) (158 mg, 76%, 78: 77= 6.7:1). The mixture was
separated by the preparative layer chromatography with hexane as
mobil phase.
For 77180 Rf 0.8 IR (neat) v 3050, 3010, 2900, 1650,
1595, 1485, 1435, 754, 685 cm-1 1HNMR (60 MHz). 6 2.21 (s, 6 H),
7.16 (s, 10 H) m/z 209 (M+1, 2.4), 208 (M, 9.8), 193 (100).
For 78181 Rf 0.75 IR (neat) v 3025, 2950, 1595, 1445,
1382, 1165, 755, 740, 700 cm-1 1 NMR (60 MHz) 6 0.85, (d, J= 6
Hz, 6 H), 2.45 (m, 1 H), 3.37 (d, J= 11 Hz), 7.16 (s, 10 H)
m/z 211 (M+1, 1.9), 210 (M, 10.0), 167 (100.0),- 152'- ('16.6), ..'115
(8.7), 91 (9.38)..
Reaction of 2-methyl-2-(4-phenylphenyl)-1,3-dithiolane (69) -with
methyllithium in the presence of NiC12(.PPh3)2 (10) A flask
containing dithioacetal 69 (95 mg, 0.35 mmol) and NiCl2(PPh3)2
(10) (22 mg, -0.034 mmol) was flushed with nitrogen. The mixture
was dissolved in benzene (3 mL) with stirring. At room
temperature the ether solution of methyllithium (10 mL, 0.2 M, 2
mmol) was added via a syringe and refluxed overnight. The
reaction was treated with water (30 mL), the aqueous layer was
extracted with ether (2 x 30 mL) and the combined organic layers
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were washed with water twice, dried over sodium sulfate. Removal
of solvent gave a solid which was separated with chromatography
on silical gel to afford 1-(4-phenylphenyl)ethanethiol (83) (32
mg, 43%) and 1-methyl-i- (4-phenylphenyl) ethene (84) (21 mg, 31%).
For 83 IR (neat) v 3051, 3009, 2911, 1595, 1481, 1445,
1422, 1380, 1270, 1155, 1102, 901, 842, 723 cm-1 1HNMR (60 MHz)
1.68 (d, J= 7 Hz, 3 H), 2.02 (d, J= 5 Hz, 1 H), 4.0-4.51 (m, 1
H), 7.03-7.90 (m, 9 H) exact mass calcd for C14H14S 214.0816,
found 214.0813.
For 84 mp 90-93°C IR (KBr) v 3040, 2980, 2930, 1688, 1627,
1585, 1489, 1411, 1005, 837, 841, 770, 737, 690 cm-1 1HNMR (60
MHz) 6 2.17 (bs, 3 H) j, 5.06 (br s, 1 H),' 5.38 (br s, 1 H), 7.05-
7.80 (m, 9 H) exact mass calcd for C15H14 194.1096, found
194.1100.
Reaction of ketene dithioacetal 86 with methylmagnesium iodide
(21). By employing the general procedure for the coupling
reaction of dithioacetal with Grignard reagent, the reaction of
ketene dithioacetal 86 (121 mg, 0.42 mmol) with the Grignard
reagent 21 (3 mL, 3 mmol) in the presence. of nickel catalyst 10
(27 mg, 0.04 mmol) in THE (5 mL) was refluxed overnight to give
olefin 77 (70 mg, 79%), which showed identical spectroscopic data
with those of the authentic sample.
Reaction of ketene dithioacetal 86 with trimethylsilyl-
methylmagnesium chloride (100). According to the general
procedure for the coupling reaction of dithioacetal with the
Grignard reagent, the reaction of ketene dithioacetal 86 (193 mg,
121
0.68 mmol) with 100 (3 mL, 3 mmol) in the presence of nickel
catalyst 10 (35 mg, 0.05 mmol) in THE (5 mL) was refluxed
overnight to give 88 (116 mg, 48%) IR (neat) v 3050, 3020, 2950,
2890, 1595, 1485, 1440, 1245, 1150, 895, 835, 755, 695 cm-1
1HNMR (60 MHz) 6 0.07 (s, 18 H), 1.85 (s, 4 H), 7.23 (br s, 10
H) exact mass calcd for C22H32Si2 352.2043, found 352.2047.
5.6 B-Silylstyrene, Allylsilane and a-Silylstyrene
5.6.1 fl-Vinylsilane
Reaction of 2-phenyl-1,3-dithiolane (101) with
trimethylsilylmethylmagnesium chloride (100). According to the
general procedure described above, a mixture of dithioacetal 101
(189 mg, 1.04 mmol) and NiCl2(PPh3)2 (26 mg, 0.043 mmol) in
benzene (5 mL) was allowed to react with 100 (1 M in ether, 3 mL,
3 mmol) overnight under refluxing to afford 1-trimethylsilyl-2-
phenylethene (102) (140 mg, 76%)182 IR (neat) v 3060, 3025,
2950, 1600, 1570, 1495, 1442, 1242, 1198, 9.831 850, 750, 720, 682
CM-1 1HNMR (60 MHz) 6 0.18 (s, 9 H), 6.38 (d, J= 20 Hz, 1 H),
6.92 (d, J= 20 Hz, 1 H), 7.12-7.51 (m, 5 H) m/z 176 (M, 45.3),
73 (100.0).
Reaction of 2,2-diphenyl-1,3-dithiolane (20) with
trimethylsilylmethylmagnesium chloride (100). According to the
general procedure described-above, a solution of..dithioacetal 20
(259 mg, 1.0 mmol) and 100 (1 M in ether, 3.0 mL, 3.0 mmol) in
122
benzene (5 mL) in the presence of NiCl2 (PPh3) 2 (10) (32 mg, 0.05
mmol.) was refluxed overnight to afford i-trimethylsilyl-2,2-
diphenylethene (103) (199 mg, 79%)182 IR (neat) v 3050, 2930,
1550, 1480, 1432, 1325, 1062, 1020, 830, 750, 680 cm-1 1H-NMR
(60 MHz) 6 -0.1 (s, 9 H), 6.28 (s, 1 H), 7.22 (s, 10 H) m/z 253
(M+ 1), 252 (M) f 237 (M- CH3), 135 (100.0).
Reaction of 2-(2-methylphenyl)-1,3-dithiolane (104) with
trimethylsilylmethylmagnesium chloride (100). According to the
general procedure described above, a solution of dithioacetal 104
(246 mg, 1.25 mmol) and 100 (1 M in ether, 4.5 mL, 4.5 mmol) in
benzene (5 mL) in the presence of NiC12(PPh3)2 (10) (31 mg, 0.05
mmol) was refluxed overnight to afford 1-(2-methylphenyl)-2-
trimethylsilylethene (105) (170 mg, 71%) IR (neat) v 3060, 2950,
1600, 1480, 1460, 1250, 1205, 985 cm-1 1H-NMR (60 MHz) 6 0.15
(s, 9 H), 2.35 (s, 3 H), 6.34 (d, J= 20 Hz, 1 H), 7.00-7.36
(m, 5 H, a doublet at 6 7.10, J= 20 Hz is apparently embodied in
these multiplets) exact mass calcd for C12H18Si 190.1178, found
190.1178.
Reaction of 2-(3,5-dimethylphenyl)-1,3-dithiolane-(106) with
trimethylsilylmethylmagnesium chloride (100). According to the
general procedure,, the reaction of dithiolane 106 (221 mg, 1.05
mmol), NiCl2 (PPh3) 2 (10) (36 mg, 0.060 mmol) and 100 (3 mL, 3
mmol) in terahydrofuran (10 mL) afforded the vinylsilane 107 (154
mg, 71%) as oil IR (neat) v 3035, 2945, 1585, 1485, 1435, 1240,
1200, 1035, 975 cm-1 1HNMR (60 MHz) 6 0.15-(s, 9 H), 2.32 (s, 6
H), 6.45 (d, J= 20 Hz, 1 H), 6.82 (d, J= 20 Hz, 1 H), 6.88 (br
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S, 1 H), 7.05 (br s, 2 H) exact mass calcd for C13H2OSi
204.1334, found 204.1332.
Reaction of 2-(4-methoxylphenyl)-1,3-dithiolane (108) with
trimethylsilylmethylmagnesium chloride (100). According to the
general procedure, a mixture of dithiolane 108 (211 mg, 1.00
mmol), NiCl2(PPh3)2 (10) (49 mg, 0.075 mmol) and 100 (3 mL, 3
mmol) in THE (5 mL) was heated under reflux overnight to afford
2-(4-methoxyphenyl)-1-trimethylsilylethene' (109) (150 mg,
730)108d IR (neat) v 3040, 2955, 1605, 1574, 1508, 1441, 1308,
1250, 1175, 1030, 990, 827, 796, 722 cm-1 1HNMR (.60' MHz) 6 0.13
(s, 9 H), 3.78 (s, 3 H), 6.28 (d, J= 19 Hz, 1 H), 6.81 (d, J=
19 Hz, 1 H), 6.84 (d, J= 9 Hz, 1 H), 7.34 (d, J= 9 Hz, 1 H)
exact mass calcd for C12H18OSi 206.1127, found 206.1129.
Reaction of 2-(3,4-methylenedioxyphenyl)-1,3-dithiolane (110)
with trimethylsilylmethylmagnesium chloride (100). By employing
the general procedure described above, the reaction of
dithioacetal 110 (233 mg, 1.03 mmol) and NiC12(PPh3)2 (37.6 mg,
0.058 mmol) in benzene (5 mL) with 100 (3 mL, 3 mmol) gave the
crude vinylsilane 111 which was purified by chromatography on
silica gel and eluted with 10% ethyl acetate in hexane, then by
molecule distillation to yield pure 111 as colorless oil (172
Mg, 72%) which was unstable at room temperature and became a
brown oil bp 80°C (0.3 mm, Kugelrohr) IR (neat) v 3035, 2945,
1585, 1485, 1435, 1240, 1200, 1035, 975 cm-1 1HNMR (60 MHz) 6
0.15 (s, 9 H) 5.90 (s, 2 H)6.22 (d, J= 19 Hz,l H), 6.70-7.23
(m, 3 H) exact mass calcd for CllHl302Si 205.0684, found
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205.0685.
Reaction of 2,2'-(1,4-Phenylene)bis-1,3-dithiolane (112) with
trimethylsilylmethylmagnesium chloride (100). According to the
general procedure, the reaction of dithiolane 112 (271 mg, 0.95
mmol), NiCl2 (PPh3) 2 (10) (65 mg, 0.10 mmol) and 100 (6 mL, 6
mmol) in benzene (10 mL) gave the l,4-bis(2-trimethylsilyl-
ethenyl)benzene (113) (180 mg, 69%) as colorless oil IR (neat)
v 3035, 2950,'1580, 1240, 1205, 980 cm-1 1HNMR (60 MHz) 6 0.15
(s, 18 H), 6.54 (d, J= 19 Hz, 2 H), 6.93 (d, J= 19 Hz, 2 H),
7.47 (s, 4 H) exact mass calcd for C16H26Si2 274.1573, found
274.1573.
Reaction of 2,2'-(1,2-phenylene)bis-1,3-dithiolane (114) with
trimethylsilylmethylmagnesium chloride (100). According to the
general procedure, dithiolane 114 (280 mg, 0.97 mmol) was allowed
to react with 100 (6 mL, 6 mmol) in the presence of NiC12 (PPh3) 2
(10) (46 mg, 0.07 mmol) in THE (10 mL) to give 1, 2-bis (2-
trimethylsilylethenyl) benzene (115).. (212 mg, 80%) as oil IR
(neat) v 3040, 2950, 1580, 1240, 1205, 980 cm-1 1HNMR (60 MHz) 6
0.16 (s, 18 H), 6.32 (d, J= 19 Hz, 2 H), 7.20 (d, J'=. 19 Hz, 2
H), 7.13-7.53 (m, 4 H) exact mass calcd for C16H26Si2 274.1573,
found 274.1575.
Reaction of 2-(2-bromophenyl)-1,3-dithiolane (116) with
trimethylsilylmethylmagnesium chloride (100). By using the same
procedure as described above, the reaction of dithiolane 116 (266
mg, 0.98 mmol) and 100 (5 mL, 5 mmol) in the presence of
NiCl2(PPh3)2 (10) (62 mg, 0.094 mmol) in tetrahydrofuran (10 mL)
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afforded 1-trimethylsilyl-2-[2-(trimethylsilylmethyl)phenyl]-
ethene (117) (208 mg, 82%) as oil IR (neat) v 3040, 2940, 1590,
1240, 1200, 980 cm-1 1HNMR 6 -0.03 (s, 9 H), 0.15 (s, 9 H), 2.18
(s, 2 H), 6.30 (d, J= 19 Hz, 1 H), 6.91-7.58 (m, 5 H, a doublet
at 7.08', J= 19 Hz, is apparently embodied in these multiplets)
exact mass calcd for C15H26Si2 262.1573, found 262.1578.
Reaction of. 2-(4-chlorophenyl)-1,3-dithiolane (118) with
trimethylsilylmethylmagnesium chloride (100). According to the
general procedure, a mixture of dithiolane 118 (45 mg, 1.13
mmol), NiC12 (PPh3) 2 (10) (40 mg, 0.06 mmol) and (100) (5 mL, 5
mmol)' in THE (10 mL) was refluxed overnight to give 1-
trimethylsilyl-2-[4-(trimethylsilylmethyl)phenyl]ethene (119)
(146 mg, 50%) as oil IR (neat) v 3040, 2945, 1600, 1245, 1200,
980 cm-1 1HNMR (60 MHz) 6 -0.02 (s, 9 H), 0.15 (s, 9 H) 2.05
(s, 2 H), 6.41 (d, J= 20 Hz, 1 H), 6.86 (d, J= 20 Hz, 1 H),
6.99 (d, J= 8 Hz, 2 H), 7.34 (d, J 8 Hz, 2 H) exact mass
calcd for C-,=HnzSin 262.1573, found 262.1575.
Reaction of 2-(2-bromophenyl)-1,3-dithiolane (116) with
insufficient trimethylsilylmethylmagnesium chloride (100). By
using the same procedure as described above, the reaction of
dithiolane 116 (2.34 g, 8.65 mmol) and 100 (30 mL, 30 mmol) in
the presence of NiC12(PPh3)2 (10) (290 mg, 0.46 mmol) in
benzene (50 mL) afforded 1-trimethylsilyl-2-[2-(trimethylsilyl-
methyl)phenyl]ethene (117) (1.38 mg, 61%) as oil and 2-(2-tri-
methylsilylmethylphenyl)-1,3-dithiolane (120) (0.88 g, 37%). 117
Showed identical spectroscopic properties with those of
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authentical sample.
For 120 IR (neat) v 3038, 2940, 1591, 1450, 1437, 1376,
1242, 1201, 978, 818, 742 cm-1 1HNMR (250 MHz) 6 0.04 (s, 9 H),
2.23 (s, 2 H), 3.31-3.56 (m, 4 H), 5.78 (s, 1 H), 6.91-6.94 (m, 1
H), 7.07-7.12 (m, 2 H), 7.79-7.83 (m, 1 H) 13CNMR 6 -1.3, 24.0,
40.1, 53.3, 124.9, 127.5, 128.5, 129.3, 136.0, 138.5 exact mass
calcd for C13H2OS2Si 268.0776, found 268.0772.
Reaction of 2,2-diphenyl-1,3-dithiolane (20) with trimethylsilyl-
methylmagnesium chloride (100) in the presence of nickel
bromide. According to the general procedure described above, a
solution of dithioacetal 20 (160 mg, 0.62 mmol) and 100 (1 M in
ether, 3.0 mL, 3.0 mmol) in benzene (3 mL) in the presence of
NiBr2. DME (22) (9.1 mg, 0.03 mmol.) was refluxed for 17h to give
a mixture of vinylsilane 103 and olefin 23 (56 mg, 34%). The
ratio of 103:23 id 91:9 (31% and 3%) based on the absorptions of
olefinic protons in 1HNMR spectrum.
5.6.2 Allylsilanes
Reaction of tetralone dithioacetal 46 with
trimethylsilylmethylmagnesium chloride (100). According to the
general procedure, a mixture of dithioacetal 46 (268 mg, 1.2
mmol) and dichlorobis(triphenylphosphine)nickel (10) (37 mg, 0.06
mmol) in benzene (5 mL) was allowed to react with 100 (1 M in
ether, 3 mL, 3 mmol) under refluxing conditions overnight to.
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yield 125 (183 mg, 71%): IR (neat) v 3051, 2948, 1603, 1595,
1583 1455, 1240, 835, 750 cm-1 1HNMR (60 MHz) 6 -0.22 (s, 9 H),
1.72 (s, 2 H), 2.68-1.82 (m, 4 H), 5.43 (t, J= 4 Hz, 1 H), 6.78-
7.0 (m, 4 H) exact mass calcd for C14H20Si 216.1334, found
216.1334.
Reaction of indanone dithioacetal 48 with
trimethylsilylmethylmagnesium chloride (100). According to the
general procedure, a mixture of dithioacetal 48 (206 mg, 0.99
mmol), NiC12 (PPh3) 2 (10) (28 mg, 0.047 mmol) and 100 (1 M, 3 mL,
3 mmol) in benzene (10 mL) was refluxed overnight-to yield 126
(143 mg, 70%): IR (neat) v 3052, 2960, 1598, 1453, 1241, 840, 763
cm-1 1HNMR (60 MHz) 8 -0.15 (s, 9 H), 1.75-1.88 (m, 2 H), 3.05-
3.18 (m, 2 H), 5.82 (br s, 1 H), 6.85-7.33 (m, 4 H) exact mass
calcd for C13H18Si 202.1178, found 202.1184.
Reaction of 2-methyl-2-phenyl-1,3-dithiolane '(127a) with
trimethylsilylmethylmagnesium chloride (100).183 According to the
general procedure, dithioacetal s6-- (190 mg, 0.96 mmol) was
treated with 100 (1 M, 3 mL, 3 mmol) in the presence of
NiC12 (PPh3) 2 (10) (45 mg, 0.06 mmol) in benzene (5 mL) to give a
mixture of 3-(trimethylsilyl)-2-phenyl-l-propene (128a) and 2-
phenyl-l-(trimethylsilyl)-1-propene (129a) (150 mg, 82%) in a
ratio of 85:15 based on the 1HNMR spectral data IR (neat) v
3025, 29651-1670,r 1595, 1495, 1440, 1240, 1015, 834, 730, 695 cm-
1 1HNMR (250 MHz) 128a shown four singlets at 6 -0.1 (s, 9
H), 2.05 (s, 2 H), 4.98 (br s, 1 H) and 5.26 (br s, 1 H) 129a
showed three singlets at 6 0.25 (s, 9 H), 2.25. (s, 3 H) and 6.02
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(s, 1 H) aromatic protons of 128a and 129a appeared as multiplet
at 6 7.15-7.39 m/z 190 (M, 64.3), 73 (base peak).
Reaction of 2-methyl-2-fluorenyl-1,3-dithiolane (127b)
trimethylsilylmethylmagnesium chloride (100). By employing the
general procedure, the reaction of dithioacetal 127b (249 mg,
0.87 mmol) and NiCl2(PPh3)2 (10) (38 mg, 0.06 mmol) in benzene (5
mL) with 100 (3 mL, 3 mmol) afforded a 9:1 mixture of
allylsilanes 128b and vinylsilane 129b (177 mg, 72%) based on the
1HNMR spectral data IR (KBr) v 3063, 2960, 2900, 1626, 1614,
1469, 1458, 1250, 1161, 840, 771, 739 cm-1 1HNMR--(60 MHz) 128b
shown five singlets at 8 -0.1 (s, 9 H) F 2.07 (br s, 2 H), 3.86
(s, 2 H) j, 4.86 (br s, 1 H) and 5.17 (br s, 1 H) 129b shown four
singlets at 6 0.2 (s, 9 H), 2.20 (s, 3 H), 3.86 (embodied with
CH2 of 128b) and 5.93 (s, 1 H) aromatic protons of 128b and 129b
showed as multiplet at 6 7.16-7.82 exact mass calcd for C19H22Si
278.1491, found 278.1497.
Reaction of 2-methyl-2-(4-phenylphenyl)-1,3-dithiolane (69) with
trimethylsilylmethylmagnesium chloride (100) in different
solvents. By employing the general procedure described' above, a
mixture of dithiolane 69 (281 mg, 1.03 mmol) and NiCl2(PPh3)2
(10) (35 mg, 0.053 mmol) in benzene (5 mL) was treated with 100
(1 M ether solution, 4 mL, 4 mmol) overnight under refluxing to
give a mixture of allylsilane 128d and vinylsilane 129d as a
white solid (216 mg, 81%) in a ratio of 90/10 based on the 1H-NMR
spectral data. IR (KBr) v 3040, 1608, 1489, 1409, 1008, 841,
765, 739, 690 cm-1 1HNMR (60 MHz) 128d showed four singlet at 8
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-0.02 (s, 9 H), 2.08 (br s, 2 H), 4.95 (br s, 1 H), 5.25 (br s, 1
H) 129d showed three singlet at 6 0.25 (s, 9 H), 2.28 (s, 3 H)
and 6.05 (s, 1 H) the aromatic protons of 128d and 129d appeared
at 6 7.12-7.78 (m) exact mass calcd for C18H22Si 266.1491, found
266.1493. The reaction procedures in other sovlents were similar
to that described above.
The yields and ratios of 128d and 129d in different
solvents under similar conditions are list below: dioxane, yield
61%, ratio 78/22 1,2-dimethoxyethane (DME), yield 77%, ratio
82/18 THF, yield 69%, ratio 80/20.
Reaction of 2-methyl-2-(1-naphthyl)-1,3-dithiolane (33) with
trimethylsilylmethylmagnesium chloride (100) in different
solvent. According to the general procedure, the reaction of
dithiolane 33 (254 mg, 1.03 mmol), NiC12(PPh3)2 (10) (31 mg,
0.047 mmol) and 100 (4 mL, 4 mmol) in THE (5 mL) gave a mixture
of allylsilane 128c and-vinylsilane 129c in a ratio of
27:73 (208 mg, 89%) IR (neat) v 3050, 2950, 1605, 1503, 1395,
1243, 952, 850, 775, 690 cm-1 1HNMR (60 MHz) 128c showed four
singlet at 6 -0.15 (s, 9 H), 2.08 (br s, 2. H), 4.93 (br s, 1 H)
and 5.13 (br s, 1 H) 129c (E/Z= 2.6/1) showed several singlets
at 6 0.21 (s,. 9 H), 2.20 (s, 3 H), 5.55 (s, for E-isomer) and
5.83 (s, for _Z-isomer) the aromatic protons of 128c and 129c
appeared at 6 7.03-8.16 exact mass cacld for C16H2OSi 240.1334,
found 240.1341. The reaction procedures in other solvents were
similar to that described above.
The yields and ratios in different solvents are showen
below: dioxane, the yield was 83%, ratio of 128c to 129c is
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32/68 (E/Z ratio in 129c is 3:1) DME, the yield was 67%, ratio
is 64/36 (E/Z ratio is 3.3:1) benzene, the yield was 60%,
ratio is 62/38 (E/Z ratio is 8:1).
Reaction of 2-methyl-2-phenyl-1,3-dithiane (132) with
trimethylsilylmethylmagnesium chloride (100). According to the
general procedure, dithiane 132 (225 mg, 1.07 mmol) was treated
with 100 (1 M, 3 mL, 3 mmol) in the presence of NiCl2(PPh3)2
(10) (32mg, 0.05 mmol) in benzene (5 mL) to give a mixture of
allylsilane 128a and vinylsilane 129a (159 mg, 78%) in a ratio of
25:75 based on the 1H-NMR spectral data which showed similar
nhsnrntinns with those in the 1HNMR sectra of authentic samples.
Reaction of 2-Phenyl 2-(trimethylsilylmethyl)-1,3-dithiane (134)
with methylmagnesium iodide (21)-By using the general procedure
.described above, the reaction'of 134 (292 mg, 1.04 mmol) with the
Grignard reagent 21 (4 mL, 4 mmol) in the presence of
NiCl2 (PPh3) 2 (10) (47 mg, 0.07 mmol) in benzene (5 mL) afforded
a 18:82 mixture of allylsilane 128a and vinylsilane 129a (171 mg,
87%), which showed similar absorptions in the 1HNMR spectrum with
those of the authentic sample.
Reactions of dithiolane 127a or dithiane 132 with the Grignard
reagent 100 in the presence of NiC12(dppe). According to the
general procedure described above, a mixture of dithiolane 127a
(143 mg, 0.73 mmol), NiC12 (dppe) (24) (30 mg, 0.05 mmol) and 100
(3 mL, 3 mmol) in benzene (3 mL) was refluxed for 55 h to afford
a mixture of 128a and 129a in a ratio of 46:54 (55 mg, 40%, 65%
based on the recovered dithiolane 127a (56 mg)).
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Similarly, a mixture of dithiane 132 (157 mg, 0.75 mmol),
NiCl2(dppe) (24) (32 mg, 0.05 mmol) and 100 (3 mL, 3 mmol) in
benzene (3 mL) was refluxed for 55 h to afford a mixture of 128a
and 129a in a ratio of 45:55 (33 mg, 230, 48% based on the
recovered dithiane 132 (84 mg)).
5.6.3 a-Silylstyrenes
Nickel-catalyzed reaction of 2-(1-naphthyl)-2-trimethylsilyl-1,3-
dithiane (138b) with methylmagnesium iodide (21) in toluene.
Under nitrogen atmosphere 2-(1-naphthyl)-2-trimethylsilyl-1,3-
dithiane (138b) (246 mg, 0.77 mmol) and NiCl2(PPh3)2 (10) (30 mg,
0.046 mmol) were mixed before the addition of methylmagnesium
iodide (21) (1 M in ether, 3 mL, 3 mmol). Ether was removed in
vacuo and then toluene (5 mL) was added. The mixture was refluxed
overnight, quenched with saturated ammonium chloride, diluted
with ether (50 mL). The organic layer was washed with sodium
hydroxide (10%, 2x), water before drying over anhydous sodium
sulfate. After filtration and evaporation of the solvent the
residue was chromatographed on silica gel to give trimethyl(1-(1-
naphthyl)ethenyl]silane (139b) as colorless oil (156 mg, 89%) IR
(neat) v 3062, 2962, 1600, 1560, 1410, 1389, 1251, 940, 871, 840,
778, 761 cm-1 1HNMR (250 MHz) 6 0.09 (s, 9 H), 5.78 (d, J= 3.4
Hz, 1 H), 5.93 (d, J= 3.4 Hz, 1 H)., 7.06 (dd, J= 1.1 and 6.4
Hz, 1H), 7.36-7.90 (m, 3 H), 7.68 (d, J= 8.2 Hz,.l H), 7.79-7.90
(m, 2 H) 13CNMR -1.2, 123.9, 125.1, 125.2, 125.5, .126.1, 126.5,
132
128.1, 129.1, 131.5, 133.9, 143.0, 153.4 exact mass calcd for
C15H18Si 226.1178, found 226.1181 Anl. calcd for C15H18Si: C
79.57, H 8.02 found C 79.76, H 7.96.
Nickel-catalyzed reaction of 2-phenyl-2-trimethylsilyl-1,3-
dithiane (138a) with methylmagnesium iodide (21) in toluene.
According to the general procedure described above for the
preparation of 139b, the reaction of dithiane 138a (250 mg, 0.93
mmol) and NiCl2 (PPh3) 2 (10) (3.9 mg, 0.06 mmol) with 21 (3 mL, 3
mmol) in toluene (5 mL) gave trimethyl[(1-
phenyl)ethenyl]silane (139a) (112 mg, 68%)184 IR (neat) v 3062,
2954, 1602, 1492, 1254, 861, 837, 760, 700 cm-1 1HNMR (60 MHz) 6
0.17 (s, 9 H), 5.57 (d, J= 3 Hz, 1 H), 5.78 (d, J= 3 Hz, 1 H),,
7.17 (br s, 5 H) m/z 177 (M+1, 5.8), 176 (M, 31.0), 73 (base
peak).
Nickel-catalyzed reaction of 2-(2-naphthyl)-2-trimethylsilyl-l,3-
dithiane (138c) with methylmagnesium iodide (21) in toluene.
According to the general procedure for the preparation of 139b
described above, the reaction of a-silyldithioacetal 138c (273
mg, 0.86 mmol) with Grignard reagent 21 (3 mL, 3 mmol) in the
presence of the catalyst 10 (30 mg, 0.05 mmol) in toluene (5 mL)
afforded trimethyl[1-(2-naphthyl)ethenyl]silane (139c) (177 mg,
91%) mp 63-66°C (lit. 185--) IR (KBr) v 3060, 2960, 2901,
1628, 1599,.1403, 1249, 932, 893, 855, 830, 750, 475 cm-1 1HNMR
(250 MHz) 6 0.21 (s, 9 H), 5.69 (d, J= 3.0 Hz, 1 H), 5.93 (d, J
3.0 Hz, 1 H), 7.34 (dd, J ='1.7 and 8.4 Hz, 1 H), 7.40-7.57 (m,
2 H), 7.60 (br s, 1 H), 7.75-7.82 (m, 3 H) 13CNMR -0.8, 125.0,
133
125.3, 125.8, 126.0, 127.2, 127.4, 127.6, 127.9, 132.3, 133.7,
142.5, 153.8 m/z 227 (M+1, 15.4), 226 (M, 71.8), 73 (base peak).
1-Naphthylmethyltrimethylsilane (140). Nickel-catalyzed reduction
of dithiane '138b with ethylmagnesium bromide in toluene.
According to the general procedure described above, the reaction
of dithiane 138b (78.3 mg, 0.25 mmol) with ethylmagnesium bromide
(2 mmol) in toluene (3 mL) in the presence of NiCl2 (PPh3) 2 (10)
(20 mg,, 0.03 mmo l) gave the reduced product 140 (31 mg. 56 %)62
bp 120°C (1 mm, Kugelrohr) IR (neat) v 3064, 2960, 1599, 1522,
1400, 1250, 1156, 1011, 845, 777, 692 cm-1 1HNMR (60 MHz) 6 0.08
(s, 9 H), 2..67 (s, 2 H), 7.13-8.23 (m, 7 H) m/z 214(M, 0.84) 73
(base peak).
5.7 1-Silyl-1,3-diene
Reaction of 2-(2-phenylethenyl)-1,3-dithiolane (152) with
trimethylsilylmethylmagnesium chloride (100). A large scale
reaction procedure for an Organic Synthesis. Trimethylsilyl-
methylmagnesium chloride (100). In a 500-mL, three-necked, round-
bottomed flask containing magnesium tuning (5.2 g, 0.22 g. atom)
was equipped with a rubber septum, a reflux condenser and an
addition funnel and a magnetic stirring bar. The system was
flamed-dried and flushed with nitrogen. A few crystal of iodine
and 150 mL of anhydrous ether is introduced. As the contents of
the flask were stirred, (chloromethyl)trimethylsilane (25.8 g,
0.21 mol) was added in a small portions until the reaction began,
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and then at such a rate as to maintain gentle refluxing of the
ether. The addition required about 30 min, after which the
mixture was heated under reflux for an additional 30 min. The
solution was cooled to room temperature and was used directly for
the next reaction.
(E,E)-Trimethyl(4-phenyl-1,3-butadienyl)silane (153). In a
1-L, two-necked, round-bottomed flask fitted with a reflux
condenser, a rubber septum, and a magnet stirring bar were placed
2-(2-phenylethenyl)-1,3-dithiolane (152) (14.6 g, 0.070 mmol) and
dichlorobis(triphenylphosphine) nickel (10) (2.3 g, 0.0035 mmol).
The flask was evacuated and flushed with nitrogen for three
times. To above mixture was added anhydrous THE (200 mL), then
cooled in an ice bath. The ether solution of (trimethylsilyl)-
methylmagnesium chloride (100) prepared above was introduced with
a double-ended needle in one portion. The mixture was refluxed
for 10 hr, cooled to room temperature and then treated with
saturated ammonium chloride solution (200 mL). The organic layer
was separated and the aqueous layer' was extracted with ether
(3x200 mL). The combined organic layers were washed with aqueous
sodium hydroxide solution (10%, 2x100 mL), brine (2x100 mL). The
organic solution was dried over anhydrous magnesium sulfate. The
solvent is removed in vacuo, and the residue is filtered through„
a short silica gel column (30 g) and flushed under positive
nitrogen presure with hexane (300 mL). After evaporation of the
solvent in vacuo, the yellowish residue was distilled to give 1-
phenyl-4-trimethylsilyl-1,3-butadiene (153) as a colorless liquid
which solidified on standing (12.9g, 91%) bp 99-101°C (0.6 mm)
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mp 37°C (lit.138b bp 70°C (0.1 mm)) IR (neat) v 3030, 2855,
16281-16051 1450, 1249, 1002, 872, 843, 728, 690 cm-1 1HNMR (250
MHz) 6 0.13 (s, -Si(C113)3, 9 H), 6.01 (d, J= 17.8 Hz, =CHTMS, 1
H), 6.58 (d, J= 15.1 Hz, PhCH=, 1 H), 6.69 (dd, J= 9.8 and
17.8 Hz, -CH=CHTMS, 1 H), 6.80 (dd, J= 9.8 and 15.1 Hz,
PhCH=CH-, 1 H), 7.23-7.45 (m, aromatic, 5 H) 13CNMR 6 (62.5 MHz)
-1.3, 126.6, 127.6, 128.6, 131.8, 132.9, 134.9, 137.4, 144.2
exact mass calcd for C13H18Si 202.1178, found 202.1185 Anl.
Calcd C 77.18, H 8.97, found.C 76.83, H 9.10.
General procedure for the reaction of allylic dithioacetal with
trimethylsilylmethylmagnesium chloride (100) In a flask fitted
with a reflux condenser, a rubber septum, and a magnet stirring
bar were placed allylic dithioacetal and a catalytic amount of
dichlorobis(triphenylphosphine) nickel (10) (5 mol%). The flask
was evacuated and filled with nitrogen for three times. To above
mixture was added dry benzene, then cooled with ice bath.
Trimethylsilylmethylmagnesium chloride prepared above was
introduced via a syringe in one portion. The mixture was refluxed
overnight, and treated with saturated ammonium chloride (60 mL).
The organic layer was separated and the aqueous layer was
extracted with. ether. The combined organic layers were washed
with aqueous sodium hydroxide (10%), water, brine, and then are
dried over anhydrous magnesium. sulfate. The solvent is removed in
vacuo to leave the residue which was chromatographed on silica
gel (eluted with hexane unless otherwise stated) to give the
product.
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Reaction of 2-(l-methyl-2-phenylethenyl)-1,3-dithiolane (154)
with trimethylsilylmethylmagnesium chloride (100). According to
the general procedure, a mixture of 154 (331 mg, 1.49 mmol) and
NiC12 (PPh3) 2 (10) (32 mg, 0.05 mmol) in benzene (6 mL) was
allowed to react with 100 (4 mL, 4 mmol) under refluxing
condition for 16 hr to give 2-methyl-l-phenyl-4-trimethylsilyl-
1,3-butadiene (155) (258 mg, 80%) IR (neat) v 3033, 2961, 1605,
1440, 1245, 980, 865, 835, 720, 690 cm-1 1HNMR (250 MHz) 8 0.13
(s, 9 H, -Si(CH3) 3), 2.00 (br s, 3 H, PhCH=CCH3-), 5.97 (d, J=
18.8 Hz, 1 H, =CHTMS), 6.57 (br s, 1 H, PhCH=), 6.73 (dd, J=
18.8 and 0.4 Hz, 1 H, -CH=CHTMS), 7.19-7.37 (m, 5 H, aromatic)
13CNMR 5 -1.2, 13.3, 126.6, 128.1, 128.4, 129.2, 132.3, 137.2,
138.0, 148.9 exact mass calcd for C14H20Si 216.1334, found
216.1355.
Reaction of 2-[2-(2-methoxyphenyl)ethenyl)-1,3-dithiolane (156)
with trimethylsilylmethylmagnesium chloride (100). By using the
general procedure described above, a mixture of dithiolane 156
(271 mg, 1.13 mmol) and 100 (4 mL, 4 mmol) in the presence of
NiC12 (PPh3) 2 (100) (23 mg, 0.04 mmol) in benzene (5 mL) was
refluxed overnight. After usual workup procedure, the crude
product was chromatographed on silica gel and eluted with 10%
ethyl acetate in hexane to yield 1-(2-methoxyphenyl)-4
trimethylsilyl-1,3-butadiene (157) (211 mg, 79%) IR (neat) v
3041, 3007, 2945, 1621, 1602, 1573, 1486, 1439, 1251, 1190, 1098,
1001, 887, 749,720, 690 cm-1 1HNMR (250 MHz) 6 0.11 (s, 9 H,-
Si(CH3)3), 3.71 (-OCH3), 5.86 (d, J= 16.5 Hz, 1 H, =CHTMS),
6.56-6.85 (m, 5 H, olefinic and aromatic), 7.08 (t, J= 7.4 Hz, 1
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H), 7.35 (d, J= 7.6 Hz, 1 H) 13CNMR 6 -1.2, 55.5, 111.1, 121.0,
126.5, 126.6, 127.9, 128.6, 132.4, 133.9, 145.1, 157.1 exact
mass calcd for C14H29OSi 232.1283, found 232.1281.
Reaction of 2-[2-(1-naphthyl)ethenyl]-1,3-dithiolane (158) with
trimethylsilylmethylmagnesium chloride (100). According to the
general procedure described above the reaction of dithioacetal
158 (342 mg, 1.28 mmol), NiCl2(PPh3)2 (10) (66 mg, 0.1 mmol), and
100 (4 mL, 4 mmol) in refluxing benzene (7 mL) for 16h gave 1-
naphthyl-4-trimethylsilyl-1,3-butadiene (159) (303 mg, 91%) IR
(neat) v 3065, 2969, 2902, 1616, 1577,1510, 1395, 1242, 1006,
887, 751, 720, 690 cm-1 1HNMR (250 MHz)+ 8 0.15 (s, -Si(CH3)3, 9
H), 5.96 (dd, J= 17.8 and 1.2 Hz, =CHTMS, 1 H), .6.74 (m, =CH-
CH=, 2 H), 7.31-7.37 (m, 8 H, a olefinic proton (at 8 7.34, dd,
J= 15.0 and 1.2 Hz) was embodied in these multiplets) 13CNMR 6
-1.5, 123.4, 123.6, 125.6, 125.8, 126.0, 128.0, 128.6, 129.7,
131.3, 133.8, 134.5, 135.3, 144.4 exact mass calcd for C17H2OSi
252.1334, found 252.1342
The chemical shifts and coupling constants for the olefinic
protons were assigned based on computer simulation. ojon
Reaction of 2-(4-phenyl-l,3-butadien-1-yl)-1,3-dithiolane (160)
with trimethylsilylmethylmagnesium chloride (100). By employing
the general procedure described above, the reaction of dithiolane
160 (230 mg, 0.98 mmol), NiCl2 (PPh3) 2 (10) (35 mg, 0.055 mmol),
and 100 (4 mL, 4 mmol) in benzene (5 mL) afforded 1-phenyl-6-
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trimethylsilyl-1,3,5-hexatriene (161) (198 mg, 88%) mp 84-87°C
IR (KBr) v 3018, 2961, 1613, 1449, 1247, 1011, 976, 833, 748, 689
cm-1 1HNMR (250 MHz)+ 6 0.10 (s, -Si (CH3)3, 9 H), 5.94 (d, J=
18.1 Hz, =CHTMS, 1 H), 6.35 (dd, J= 9.5 and 15.8 Hz, TMSCH=CH-
CH, 1 H), 6.41 (dd, J= 9.6 and 15.8 Hz, PhCH=CH-CH, 1 H), 6.58
(d, J= 15.5 Hz, PhCH=, 1 H), 6.61 (dd, J= 18.1 and 9.5 Hz,-
CH=CHTMS, 1 H), 6.80 (dd, J= 15.5 and 9.6 Hz, PhCH=CH-, 1 H),
7.22-7.43 (m, 5 H, aromatic) 13CNMR 6 -1.4, 126.5, 127.6,
128.7, 129.1, 133.3, 133.5, 135.0, 135.2, 137.6, 144.1 exact
mass calcd for C15H20Si 228.1334, found 228.1338.
The chemical shifts and coupling constants for the olefinic
protons were assigned based on computer simulation.
Reaction of (E)-2-(1-propen-1-yl)-1,3-dithiolane (163) with
trimethylsilylmethylmagnesium chloride (100). According to the
general procedure the reaction of dithioacetal 163 (1.51 g, 10.3
mmol) with 100 (30 mL, 30 mmol) in the presence of NiCl2 (PPh3) 2
(10) (252 mg, 0.40 mmol) in ether (20 mL) afforded (E,E)-1-
trimethylsilyl-1,3-pentadiene (164) (0.69 g, 48% GC yield: 65%)
43°C (20 mm) (lit.138b 50°C (23 mm)) IR(neat) v 3020, 2958,
1648, 1582, 1249, 999, 869, 768, 724, 689 cm-1 1HNMR (250 MHz) 8
0.10 (s, 1H, -Si (CH3) 3), 1.79 (d, J= 6.8 Hz, CH3CH=, 3 H), 5.73
(d, J= 18.3 Hz, 1 H, =CHTMS), 5.77 (qd, 6.8 and 15.2 Hz, 1 H,
CH3CH=), 6.11 (dd, J= 9.9 and 15.2 Hz, 1 H. CH3CH=CH-), 6.51
(dd, J= 9.9 and 18.3 Hz, 1 H, -CH=CHTMS) 13CNMR 8 -1.9, 18.0,
130.2, 130.8, 134.8, 144.3 MS (m/e) 141 (M+1), 140 (M), 125 (M-
CH3), 73 (TMS+, base peak).
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Reaction of 2-[(1Z) and (1E)-2,6-dimethyl-l,5-heptadienyl]-1,3-
dithiolane (165) with trimethylsilylmethyl-magnesium chloride
(100). According to the general procedure the reaction of citral
dithioacetal 165 (Z/E= 79/21, 225 mg, 0.98 mmol), NiC12(PPh3)2
(10) (31 mg, 0.049 mmol) with 100 (4 mL, 4 mmol) in benzene (5
mL) yielded a mixture of 4,8-dimethyl-l-trimethylsilyl-(lE, 3Z,
7)-nonatriene (166a) and 4,8-dimethyl-l-trimethylsilyl-(lE, 3E,
7)-nonatriene (166b) (206 mg, 93%) in a ratio of 79/21 as
determined by the 1HNMR spectral data. IR (neat) v 3005, 2960,
1642, 1575, 1350, 1380, 1249, 979, 872, 835, 737, 722, 689 cm-1
1HNMR (250 MHz) 5 0.01 (s, -Si(CH3)3, 9 H), 1.53 (s, CH3C=, 3
H), 1.61 (s, CH3C=, 3 H) 1.70 (3Z) and 1.73 (3E) (s,-
CH2C(CH3)=, 3 H), 1.96-2.15 (m, =CHCH2CH2C(CH3)=, 4 H), 5.00-5.06
(m, Me2C=CH-, 1 H), 5.62 (3Z) and 5..66 (3E) (d, J= 18.2, =CHTMS,
1 H),? 5.81 (br d, J= 9.6 Hz, CH-CH=CHTMS, 1 H), 6.68 (3Z) and
6.70 (3E) (dd, J= 10.5 and 18.2 Hz, -CH=CHTMS, 1 H) 13CNMR 5-
1.1, 16.8, 17.7, 23.8, 25.7, 26.6, 26.9, 32.6, 40.0, 124.0,
127.9, 128.9, 130.7, 131.1, 131.7, 131.9, 139.9, 140.0, 140.2,
140.4 exact mass calcd for C14H26Si 222.1804, found 222.1809.
Reaction of 2-[(1Z) and (1E)-2,6-dimethyl-1,5-heptadienyl]-1,3-
dithiolane (165b) with trimethylsilylmethylmagnesium chloride
(100). By employing the general procedure described above, a
solution of -neral dithioacetal 165b (Z/E= 36/64, 252 mg, 1.10
mmol), NiC12(PPh3)2 (10) (35 mg, 0.055 mmol) with 100 (4 mL, 4
mmol) in benzene (5 mL) under refluxing conditions overnight gave
rise to a mixture of 4,8-dimethyl-l-trimethylsilyl-(1E, 3Z, 7)-
nonatriene (166a) and 4,8-dimethyl-l-trimethylsilyl-(1E, 3E, 7)-
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nonatriene (166b) (206 mg, 93%) in a ratio of 32/68 as determined
by the 1HNMR spectral data.
Reaction of dithioacetal 167 (open chain) with
trimethylsilylmethylmagnesium chloride (100). According to the
general procedure described above, the reaction of dithioacetal
167 (248 mg, 1.04 mmol) with 100 (3 mL, 3 mmol) in the presence
of NiC12 (PPh3) 2 (10) (31 mg, 0.05 mmol) in benzene (5 mL) gave
153 (172 mg, 82%), which showed identical spectroscopic data with
those of the authentic sample.
Reaction of dithioacetal 168 (dithiane) with
trimethylsilylmethylmagnesium chloride (100). By employing the
general procedure described above, the reaction of dithioacetal
168 (241 mg, 1.02 mmol) with 100 (3 mL, 3 mmol) in the presence
of NiCl2 (PPh3) 2 (10) (32 mg, 0.05 mmol) in benzene (5 mL) gave
153 (157 mg, 76%), which showed identical spectroscopic data with
those of the authentic sample.
Reaction of allylic sulfide 176 with 100 in the presence of
NiC12(PPh3)2 (10). A mixture of 176 (286 mg, 1.08 mmol), the
nickel catalyst 10 (33 mg, 0.05 mmol) and 100 (2 mL, 2 mmol) in
benzene (5 mL) was refluxed overnight to give 153 (192 mg, 88%)
which showed identical spectroscopic data with those of the
authentic sample.
Reaction of (E)-2(2-phenyl-l-propenyl)-1,3-dithiolane (183)
with trimethylsilylmethylmagnesium chloride (100). According to
the general procedure the reaction of dithioacetal 183 (230 mg,
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1.04 mmol) and NiCl2(PPh3)2 (10) (32 mg, 0.05 mmol) in benzene
(4 ML) with 100 (4 mL, 4 mmol) gave a mixture of (lE,3E)-4-
Phenyl-l-trimethylsilyl-l,3-pentadiene (184) and (lE,3Z)-4-
Phenyl-l-trimethylsilyl-1,3-pentadiene (185) (197 mg, 88%,
184/185= 92/8) IR (neat) v 3066, 3033, 2961, 160, 1495, 1448,
1265, 1124, 1028, 842, 764, 701 cm-i 1HNMR (250 MHz) 8 184: 0.12
(s, -Si(CH3) 3, 9 H), 2.21 (d, J= 1.0 Hz, PhC(CH3)=, 3 H), 6.00
(br d, J= 18. 1 Hz, =CHTMS, 1 H), 6.46 (br d, J= 10.5 Hz,
PhMeC=CH-, 1 H), 6.95 (dd, J= 18.1, 10.5 Hz, -CH=CHTMS, 1 H),
7.20-7.46 (m, aromatic, 5 H) 13CNMR 8 -1.0, 16.3, 125.9, 127.4,
128.5, 130.2, 135.2, 136.9, 140.5, 143.3 exact mass calcd for
C14H20Si 216.1334, found 216.1326. The presence of the Z isomer
185 was determined by 1 H-NMR spectrum of the mixture. It showed
characteristic absorptions at 8 2.11 (s, PhC(CH3)=, 3 H), 5.83
(d, J= 18.3, =CHTMS, 1 H), 6.16 (br d, J= 10.5 Hz, PMeC=CH-, 1
H). 6.61 (dd, J =10.5, 18.3 Hz, -CH=CHTMS).
Reaction of (Z)-2(2-phenyl-l-propenyl)-1,3-dithiolane (186)
with trimethylsilylmethylmagnesium chloride (100). The reaction
of dithioacetal 186 (153 mg, 0.69 mmol) and NiC12 (PPh3) 2 '(10) (25
mg, 0.039 mmol) in benzene (3 mL) with 100 (3 mL, 3 mmol) was
carried out by employing the general procedure, giving a mixture
of (1E,3E)-4-phenyl-l-trimethylsilyl-l,3-pentadiene (184) and
(1E, 3Z)-4-phenyl-l-trimethylsilyl-l,3-pentadiene (185) (130 mg,
87%, 184:185= 94/6). The ratio of E, Z isomers were determined
by 1HNMR spectrum as described above.
Diels-Alder reaction of 1-phenyl-4-trimethylsilyl-l,3-butadiene
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with maleic anhydride in toluene. 1-phenyl-4-trimethylsilyl-1,3-
butadiene (153)(214 mg, 1.06 mmol) and maleic anhydride (108 mg,
1.10 mmol) were dissolved in toluene (5 mL). The mixture was
heated under reflux for 30 hr, cooled to room temperature.
Toluene was removed in vacuo. The residue was purified with
chromatography on silica gel and eluted with 10% ethyl acetate
in hexane to give 3-phenyl-6-trimethylsilylcyclohex-4-ene-1,2-
dic.arboxylic anhydride (189) (217 mg, 70%) mp 142-144°C (ether)
IR (KBr) v 3045, 2980, 1855, 1787, 1457, 1251, 1180, 1034, 952,
842, 763, 740, 702, 659 cm-1 1HNMR (250 MHz) 0.26 (5, 9 H),
1.78-1.81 (m, 1 H), 3.53-3.56 (m, 2 H), 3.71-3.75 (m, 1 H), 6.14
(ddd, J= 9.5, 2.4 and 2.7 Hz, 1 H), 6.27 (ddd, J= 9.5, 3.9 and
3.2 Hz, 1 H) 13CNMR 6 -1.66, 24.85, 40.70, 42.39, 47.68, 127.79,
128.58. 129.00, 129.96, 130.15, 137.94, 170.63, 172.80 exact
mass calcd for C17H20O3Si 300.1182, found 300.1187.
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Appendix
Determination of Conficnirations of 1-Silvl-l.3-dienes
The configurations of 1-silyl-l,3-dienes discussed in
chapter 4 were determined by the analyses of HNMR spectra, tne
NOE experiments and the computer simulations. The protons at CI,
C2, C3 ana C4, if any, were assigned as Ha, H, Hc and H,
respectively. Their chemical shifts and coupling constants are




For most of 1-silyl-l,3-dienes, a doublet at the highest
field of the olefinic region was assigned to Ha. Thus, the
configurations of the silyl substituted double were directly
determined by measuring the coupling constants of Ha and Hb which
are in the range of 16.5 to 18.3 Hz.
In the simulated spectra, only the intensity and the position
of peaks are shown for the clearness.
Table A The Chemical Shifts (5) of -Si(CH?). (-TMS),













































































a. The chemical shifts and coupling constants were determined
on the basis of computer simulations (see text) . . jj Hc and Hd
are embodied in the aromatic protons. c. Jad = 1.2 Hz. d. He
6.80 ppm, Jde = 9.6 Hz; Hf = S 6.58 ppm, Jef = 15.5 Hz. e. (IE,
-p
3E)-isomer. . (IE, 3Z)-isomer.
The (E, E) -configuration of 153 was determined by the
simulation and confirmed by its Diels-Alder reaction with maleic
anhydride. The 1HNMR spectra of 153 are shown in Figures 1.
The reaction of 153 with maleic anhydride in benzene gave
189 in 70% yield (eq. a.l).
(eq. a.l)
The absorption peaks of the NMR spectrum (Figure 2) of
189 could be assigned. The multiplets at 5 1.78-1.81, 3 . 53-3 . 56
and 3.71-3.75 corresponding to H-l, H-5 and H-6, and H-4,
respectively, were attributed to the four aliphatic protons. The
absorptions of vinylic protons H-2 and H-3 both appeared as
doublet of doublet of doublet at 5 6.14 (for H-2, J12 = 2.6 Hz,
J23 = 9,5 Hz' J24 = 2,4 Hz) an( a- 6.27 (for H-3, J13 = 3.2 Hz,
J2 3 = 9,5 Hz' J34 = 4,0 Hz). The coupling constants were
obtained by using the spin decoupling technique (Figure 3). When
the multiplet of H-l at 5 1.78-1.81 was irradiated, both H-2 and
H-3 were resolved to doublet of doublet. Thus, J 23' J24 anc J3 4
were obtained. When the multiplet of H-4 at 5 3 .71-3 .75 was
irradiated, both H-2 and H-3 were also resolved to doublet of
doublet, from which J12 an J]_3 were obtained.
The adduct 189 was shown to be an endo product.1 The silyl
and phenyl groups are in a cis form, consistent with the
observation of 14% NOE enhancement of H-5 and H-6 and 9% NOE
























a. Integration relative to that of H-3 at 6 6.27.
The configuration at C3-C4 double bond in 155 (Figure 4) was
assigned to (E)-form on the observation of no NOE enhancement of
(S 6.57) and 14% NOE enhancement of Ha (S 5.97) upon the
irradiation of the methyl resonance at 5 2.00 (Scheme B).
The configuration at C3-C4 double bond in 157 was not
(1) Carter, M. J.; Fleming, I.; Percival, A. J. Chem. Soc.,
Perkin Trans. I. 1981, 2415.
resolved because the protons H, Hc and are embodied in the





















a. Integration relative to that of at 5 6.73.
The Ha of 159 appeared to be a multiplet at 6 5.84-5.98
1
(Figure 5a). Its CNMR spectrum indicated the presence of only
one isomer. On the basis of the computer simulation (Figure 5b),
it was found that the multiplet at 5 5.84-5.98 was arised from
the long range coupling between Ha and (Jad = 1,2 Hz) Te
assignments of the rest olefinic protons and the measurement of
the coupling constants J-c and Jcd were also based on the
spin decoupling upon the irradiation of the Ha at 5 5.96 and the
corresponding simulated spectrum (Figure 5c).
The spin decoupling technique was used in the assignments of
six olefinic protons in 1-silyltriene 161 (Figures 6a and 6b) .
The doublet at 5 5.94 is attributed to the resonance of Ha (J =
18.1 Hz). When the doublet of Ha at S 5.94 was irradiated (Figure
6c), the multiplet at 8 6.50-6.66 was partially resolved to a
159
doublet at 6 6.58 (Hf, Je f 15.5 Hz)-- By measuring the coupling
constant, the broad doublet of doublet at 6 6.80 was attributed
to the absorption of He (Jde= 9.6 Hz). Moreover, irradiation at
6 6.80 caused the multiplet at 6 6.50-6.66 of Hf and Hb to appear
roughly as a singlet and the broad doublet of doublet. It also
made protons He and Hd at 6 6.29-6.47 change their absorption
patterns, but remain as unresolved multiplet (Figure 6d). The
protons He and Hd were assigned at 6 6.41 (Hc, Jcd= 14.5 Hz) and
6 6.35 (Hd), respectively, on the basis of computer simulations
(see. Figures 6b, 6c and 6d).
The (E, E)-configuration at 164 was determined by measuring
directly the coupling constants of Jab (18.3 Hz) and Jed (15.2
Hz) (Figures 7).
The configuration of C3-C4 double bond in 166 was determined
by comparing the 13CNMR absorptions of aliphatic carbons in
dithioacetal 165 and diene 166 with those of citral, geraniol and
nerol reported in literature. These 13CNMR chemical shifts are
listed in Table B. As shown in Table B, the aliphatic carbons in
E and Z isomers could be differentiated. The carbons cis to R (R
= -CHO, -CH2OH, and -(E)-CH=CHTMS) always appeared at higher
fields.
Upon the irradiation of the broad doublet at 6 5.81, the
methyl group (6 1.70) in (Z)-isomer showed 21% NOE enhancement
(Scheme C)
Table B 13CNMR Chemical Shifts (5, ppm) of Citral,2






























































a. Citral. b. nerol c. geraniol
(2) Bohlmann, F.; Zeisberg, R. Org. Magn. Resonance 1975, 1, 426.









TT~v l i afi rr TvraH i a or
0.33 0. 4C 21%
a. Integration relative to that of trimethylsilyl group at 5 0.0]
The major isomer 184 in Scheme 4L was assigned to have as
(E)-configuration at C3-C4 double bond on the basis of the
% - •
observation of no NOE enhancement of the vinylic proton Hc (a
doublet) at 6 6.46 upon irradiation of the broad singlet of the





















a. Integration relative to that of H. at S 6.00,













Fig. 3 1HNMR spectra of 189 (Spin decoupling)
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Fig. 7 HNMR spectrum of 164
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